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SEMP 10 mM sucrose 10 mM glutamate 0.13 mM methionine
10 mM proline 
H4folate tetrahydrofolate 
DesA H4folate-dependent SA O-demethylase 
LigM H4folate-dependent VA/3MGA O-demethylase 
DesB GA dioxygenase 
DesR MarR  
 (desB ligM desR ) 
DesQ LysR  
DesX IclR  
 (SLG_25010-desA ) 
qRT-PCR quantitative reverse transcription-PCR 
RT-PCR reverse transcription-PCR 
EMSA electrophoretic mobility shift assay 
IR inverted repeat 
desBp1-desBp6, desBp EMSA desB  
ligMp1-ligMp6, ligMp EMSA ligM  
desAp1-desAp9 EMSA desA  
desRp1-desRp2 EMSA desR  
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Stewart et al., 2009). Furthermore, down-regulation
of CAD increases the incorporation of cinnamalde-
hydes into the polymer (Baucher et al., 1998; Lapierre
et al., 1999, 2004; Kim et al., 2003). The most remark-
able shifts in lignin composition are seen when COMT
is down-regulated; in these lignins, 5-hydroxyconiferyl
alcohol, derived from the COMT substrate, is incorpo-
rated, although it is below the detection limit in wild-
type lignin (Van Doorsselaere et al., 1995; Lapierre
et al., 1999; Fig. 5). It is interesting that shifts in G and S
levels, as well as shifts toward more aldehydes, gen-
erally have only minor effects on plant development.
Obviously, because the relative ratio of the different
monomers determines the frequency of the different
bonds in the polymer, all these compositional shifts
have repercussions on the structure of the polymer
and may thus alter the cell wall properties.
The effects of lignin pathway perturbations often
go beyond alterations in lignin amount, composition,
and cell wall structure. Indeed, several studies have
now demonstrated that perturbing individual steps
of the lignin biosynthetic pathway affects the expres-
sion level of other lignin pathway genes and also the
expression of genes involved in a multitude of other,
seemingly unrelated biological processes. These
wider effects are also reflected at the metabolite level
(Rohde et al., 2004; Sibout et al., 2005; Shi et al., 2006;
Dauwe et al., 2007; Leplé et al., 2007). Uncovering
their molecular basis might help mitigate the adverse
effects on plant growth and development that often
accompany lignin modifications.
THE REGULATORY CASCADE
In the past few years, significant progress has been
made in understanding the regulation of lignification.
New data indicate a regulatory cascade of upstream
transcription factors that control the formation of
secondary walls by activating a range of other tran-
scription factors. Some of these downstream transcrip-
tion factors are then able to induce the expression of
genes of the lignin biosynthetic pathway (Zhong and
Ye, 2007). The regulatory cascade explains why several
of the currently described transcription factors lead to
enhanced or reduced lignification when misexpressed
in plants while they do not directly regulate the lignin
biosynthetic genes by binding to their promoters
(Zhong et al., 2006, 2008). Therefore, yeast one-hybrid
assays, protoplast transient expression assays, and
electrophoretic mobility shift assays have been essen-
tial to prove the direct binding of a given transcription
factor to the promoters of lignin genes (Table I).
Microarray experiments on Arabidopsis cell suspen-
sion cultures that are induced to form tracheary ele-
ments have identified a set of transcription factors
involved in this cell differentiation process (Kubo
et al., 2005). Whereas VASCULAR-RELATED NAC-
DOMAIN6 (VND6) and VND7 were shown to be key
upstream regulators of the protoxylem and metaxylem
formation, respectively (Kubo et al., 2005; Yamaguchi
et al., 2008), SECONDARY WALL-ASSOCIATED NAC
DOMAIN PROTEIN1 (SND1) was described as an
upstream regulator of interfascicular fiber develop-
ment, and overexpression of SND1 led to ectopic for-
mation of secondary cell walls (Zhong et al., 2006).
Moreover, SND1 was able to regulate at least 10 other
transcription factors (Zhong et al., 2007, 2008; Zhou
et al., 2009), some of which activated the phenylpropa-
noid pathway (e.g. Myb46,Myb63, andMyb58; Table I).
Engineering the expression of transcription factors
has the potential to alter lignification with fewer
adverse effects on plant development for two reasons.
First, these transcription factors bind the promoters of
Figure 2. Representation of a lignin polymer from poplar, as predicted from NMR-based lignin analysis (adapted from Stewart
et al., 2009).
Lignin Biosynthesis and Structure
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3  (Fig. IIA) (15)
 guaiacyl
p-hydroxyphenyl  guaiacyl syringyl
 (Fig. IIA) (14, 15)  guaiacyl syringyl  
p-hydroxyphenyl -  (Fig. IIA) (14, 15) 2010
 ferulate p-coumarate hydroxycinnamate (16, 
17) tricin (18) ferulate
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chrysosporium Ceriporiopsis subvermispora -  P. chrysosporium-
  C. 
subvermispora  -  (25, 
26) - lignin peroxidase manganese peroxidase versatile 
peroxidase laccase dye-decolorizing peroxidase
 C-C  C-O-C - (27-29) Lignin peroxidase
  veratryl alcohol
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manganese peroxidase Mn2+ Mn3+
  
Dye-decolorizing peroxidase  Rhodococcus Pseudomonas  Amycolatopsis
 (30-34) Streptomyces
laccase-  (35) Pseudomonas stutzeri multi copper oxidase
CopA -  (36)
  13C
-  -
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-
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6. Sphingobium sp. SYK-6株のリグニン由来芳香族化合物代謝系 
Sphingobium sp. SYK-6  
-  biphenyl 5,5¢-
dehydrodivanillate (DDVA)
 (45) SYK-6 a-proteobacteria  b-
aryl ether  (b-O-4 ) biphenyl  (5-5 ) phenylcoumaran  (b-5 ) 
diarylpropane  (b-1 )  ferulate (FA) 
vanillin vanillate (VA) syringaldehyde syringate (SA)
 (Fig. IV) (23, 24)  
guaiacylglycerol-b-guaiacyl ether (GGE) (b-aryl ether ) DDVA (biphenyl
) dehydrodiconiferyl alcohol (DCA) (phenylcoumaran ) 
































Fig. IV. Sphingobium sp. SYK-6  / . 
Enzymes: ADHs, alcohol dehydrogenases; ALDHs, aldehyde dehydrogenases; BzaA, benzaldehyde-
derivatives dehydrogenase; PhcC and PhcD, 3-(2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-
methoxy-2,3-dihydrobenzofuran-5-yl)acrylate (DCA-C) oxidases; PhcF and PhcG, 5-(2-carboxyvinyl)-2-
(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-carboxylate (DCA-CC) 
decarboxylases; LSD, lignostilbene a,b-dioxygenase; PinZ, pinoresinol/lariciresinol reductase; LigXa, 
DDVA O-demethylase oxygenase component; LigXc, DDVA O-demethylase ferredoxin component; LigXd, 
DDVA O-demethylase ferredoxin reductase component; LigZ, 2,2¢,3-trihydroxy-3¢-methoxy-5,5¢-
dicarboxybiphenyl (OH-DDVA) meta-cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound 
hydrolase; LigW and LigW2, 5-carboxyvanillate decarboxylases; LigD, LigL and LigN, Ca-
dehydrogenases; LigF, LigE and LigP, b-etherases (glutathione S-transferases); LigG and LigQ, glutathione 
removing enzymes (glutathione S-transferases); HpvZ, HPV oxidase; VceA, vanilloyl acetic acid (VAA)-
converting enzyme; VceB, vanilloyl-CoA thioesterase; FerA, feruloyl-CoA synthetase; FerB and FerB2, 
feruloyl-CoA hydratases/lyases; LigV, vanillin dehydrogenase; DesV, syringaldehyde dehydrogenase; 
LigM, vanillate/3-O-methylgallate O-demethylase; LigA and LigB, small and large subunits, respectively, 
of protocatechuate 4,5-dioxygenase; LigC, CHMS dehydrogenase; LigI, PDC hydrolase; LigU, OMA 
delta-isomerase; LigJ, KCH hydratase; LigK, CHA aldolase; DesA, syringate O-demethylase; DesZ, 3-O-
methylgallate 3,4-dioxygenase; DesB, gallate dioxygenase. 
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Fig. IV. -continued. 
Abbreviations: GGE, guaiacylglycerol-b-guaiacyl ether; HPV, b-hydroxypropiovanillone; DCA, 
dehydrodiconiferyl alcohol; DDVA, 5,5¢-dehydrodivanillate; HMPPD, 1,2-bis(4-hydroxy-3-
methoxyphehyl)-1,3-propanediol; CHMS, 4-carboxy-2-hydroxymuconate-6-semialdehyde; PDC, 2-
pyrobe-4,6-dicarboxylate; OMA, 4-oxalomesaconate; KCH, 2-keto-4-carboxy-3-hexenedioate; CHA, 4-
carboxy-4-hydroxy-2-oxoadipate; CHMOD, 4-carboxy-2-hydroxy-6-methoxy-6-oxohexa-2,4-dienoate; 




SYK-6 b-aryl ether  guaiacylglycerol-b-guaiacyl 
ether (GGE)  (Fig. V) erythro threo
GGE  (46, 47) LigD LigL LigN 3 Ca-dehydrogenase
 (48) LigD (aR,bS)-GGE (aR,bR)-GGE (bS)-a-(2-
methoxyphenoxy)-b-hydroxypropiovanillone (MPHPV) (bR)-MPHPV LigL
LigN (aS,bR)-GGE (aS,bS)-GGE (bR)-MPHPV (bS)-MPHPV
MPHPV LigE LigF LigP 3 glutathione S-transferase (GST)  
Cb ether glutathione (GSH)- a-glutathionyl-b-
hydroxypropiovanillone (GS-HPV) guaiacol  (49-51) GS-HPV
 GST LigG LigQ GSH b-hydroxypropiovanillone 
(HPV)  (49, 52) HPV glucose-methanol-choline (GMC) oxidoreductase 
family HpvZ vanilloyl acetaldehyde  aldehyde 
dehydrogenase vanilloyl acetic acid (VAA)  (53) VceA
VceB VAA VA - - VAA
 (54)  SYK-6 HPV 
(guaiacyl ) syringyl b-hydroxypropiosyringone (HPS)  HPV































Fig. V. SYK-6  GGE . 
Enzymes: LigD, LigL and LigN, Ca-dehydrogenases; LigF, LigE and LigP, b-etherases (glutathione S-
transferases); LigG and LigQ, glutathione removing enzymes (glutathione S-transferases). Abbreviations: 
GGE, guaiacylglycerol-b-guaiacyl ether; MPHPV, a-(2-methoxyphenoxy)-b-hydroxypropiovanillone; 
GS-HPV, a-glutathionyl-b-hydroxypropiovanillone; HPV, b-hydroxypropiovanillone; GS-, reduced 















Biphenyl DDVA  TonB-dependent receptor
DdvT major facilitator superfamily transporter DdvK
 (55, 56)
DDVA  oxygenase (LigXa) 
ferredoxin (LigXc) ferredoxin reductase (LigXd) 3 DDVA O-
demethylase  2,2¢,3-trihydroxy-3¢-methoxy-5,5¢-dicarboxybiphenyl 
(OH-DDVA)  (Fig. VI) (57)  OH-DDVA meta-cleavage dioxygenase 
(LigZ) hydrolase (LigY) 5-carboxyvanillate 
(5CVA)  (58, 59) 2 5CVA decarboxylase (LigW/LigW2)













Fig. VI. SYK-6  DDVA . 
Enzymes: LigXa, DDVA O-demethylase oxygenase component; LigXc, DDVA O-demethylase ferredoxin 
component; LigXd, DDVA O-demethylase ferredoxin reductase component; LigZ, OH-DDVA meta-
cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound hydrolase; LigW and LigW2, 5CVA 
decarboxylases. Abbreviations: DDVA, 5,5¢-dehydrodivanillate; OH-DDVA, 2,2¢,3-trihydroxy-3¢-
methoxy-5,5¢-dicarboxybiphenyl; CHPD, 4-carboxy-2-hydroxypenta-2,4-dienoate; 5CVA, 5-










Phenylcoumaran dehydrodiconiferyl alcohol (DCA)
-  alcohol dehydrogenase aldehyde dehydrogenase
DCA B Cg hydroxy - carboxy  3-(2-(4-hydroxy-3-
methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran-5-yl)acrylate (DCA-C)
 (Fig. VII) (62)  DCA-C GMC oxidoreductase 
family PhcC PhcD A Cg hydroxy 5-
(2-carboxyvinyl)-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-
carboxylate (DCA-CC)  (Fig. VII) (63) PhcC PhcD (+)-DCA-C
(-)-DCA-C - DCA-CC
 decarboxylase PhcF PhcG A Cg
stilbene 3-(4-hydroxy-3-(4-hydroxy-3-methoxystyryl)-5-
methoxyphenyl)acrylate (DCA-S)  (64) lignostilbene a,b-dioxygenase
5-formyl FA vanillin  (Fig. VII)  
 
Ferulate代謝 
FA  feruloyl-CoA synthetase FerA Cg CoA- feruloyl-
CoA  feruloyl-CoA hydratase/lyase FerB FerB2 acetyl-
CoA-  vanillin  (Fig. IV) (65)  FerAB sinapinate
syringaldehyde -  (65)  
 
Vanillinおよび syringaldehyde代謝 
Vanillin syringaldehyde  aldehyde dehydrogenase  
VA SA  (Fig. IV) Vanillin LigV -  



























Fig. VII. SYK-6  DCA . 
Enzymes: ADHs, alcohol dehydrogenases; ALDHs, aldehyde dehydrogenases; BzaA, benzaldehyde-
derivatives dehydrogenase; PhcC and PhcD, DCA-C oxidases; PhcF and PhcG, DCA-CC decarboxylases; 




yl)acrylic acid; DCA-CC, 5-(2-carboxyvinyl)-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-
dihydrobenzofuran-3-carboxylate; DCA-S, 3-(4-hydroxy-3-(4-hydroxy-3-methoxystyryl)-5-
















VA  tetrahydrofolate (H4folate) VA O-demethylase LigM
protocatechuate (PCA)  (Fig. VIII) (68)  PCA PCA 4,5-
 (Fig. VIII) (69)  
 SA LigM 49% H4folate SA O-
demethylase (DesA) 3-O-methylgallate (3MGA)  (Fig. 
VIII) (70) 3MGA  i) LigM gallate (GA) dioxygenase (DesB)
PCA 4,5-dioxygenase (LigAB) GA PCA 4,5-
4-oxalomusaconate (OMA)  ii) 3MGA 3,4-dioxygenase (DesZ)
LigAB 4-carboxy-2-hydroxy-6-methoxy-2,4-dienoate (CHMOD)
OMA  iii) LigAB DesZ PCA 4,5-
2-pyrone-4,6-dicarboxylate (PDC) 3  (Fig. 
VIII) (71-73)  3 LigM DesB-
GA - -  (71)  
 
Protocatechuate代謝 
PCA -  major facilitator 
superfamily transporter PcaK
-  (74) PCA  PCA 4,5- pyruvate
oxaloacetate  (Fig. VIII) (23, 69) PCA 4,5-  PCA
LigAB 4-carboxy-2-hydroxymuconate-6-semialdehyde (CHMS)
 (75) CHMS  CHMS dehydrogenase (LigC)
PDC  PDC hydrolase (LigI) OMA  (76, 77)
 OMA OMA delta-isomerase (LigU) 2-keto-4-carboxy-3-hexenedioate (KCH)
 (78) KCH hydratase (LigJ) 4-carboxy-4-hydroxy-2-oxoadipate (CHA) 
aldolase (LigK) CHA pyruvate oxaloacetate  (79, 80) 


































Fig. VIII. SYK-6  VA/SA . 
Enzymes: LigM, VA/3MGA O-demethylase; LigA and LigB, small and large subunits, respectively, of PCA 
4,5-dioxygenase; LigC, CHMS dehydrogenase; LigI, PDC hydrolase; LigU, OMA delta-isomerase; LigJ, 
KCH hydratase; LigK, CHA aldolase; DesA, SA O-demethylase; DesZ, 3MGA 3,4-dioxygenase; DesB, 
GA dioxygenase. Abbreviations: VA, vanillate; PCA, protocatechuate; CHMS, 4-carboxy-2-
hydroxymuconate-6-semialdehyde; PDC, 2-pyrobe-4,6-dicarboxylate; OMA, 4-oxalomesaconate; KCH, 
2-keto-4-carboxy-3-hexenedioate; CHA, 4-carboxy-4-hydroxy-2-oxoadipate; SA, syringate; 3MGA, 3-O-
methylgallate; CHMOD, 4-carboxy-2-hydroxy-6-methoxy-6-oxohexa-2,4-dienoate; GA, gallate; H4folate, 






 SYK-6 guaiacyl syringyl
VA SA  (Fig. VIII) SYK-6
 Paecilomyces variotii sinapinate SA  
Microbacterium sp. RG1 Streptomyces sp. NL15-2K
syringaldehyde vanillin SA VA  Pseudomonas 
putida KT2440 FA VA  Novosphingobium aromaticivorans DSM 
12444 sinapinate FA SA VA -
 (81-85) -  VA SA
 
 
7. バクテリアにおける vanillateと syringateの代謝 
methoxy VA SA  
 




VA oxygenase tetrahydrofolate (H4folate)
2 - Oxygenase VA  Pseudomonas
VA O-demethylase (VanAB)- VanAB
oxygenase (VanA) reductase (VanB)  class IA oxygenase
NADH  VanB - NADH VanA
 VanA VA
PCA  (Fig. IXA) Pseudomonas  (86, 87) 
Acinetobacter baylyi ADP1  (88) Caulobacter crescentus (89, 90)
 Corynebacterium glutamicum ATCC 13032 (91) Rhodococcus jostii RHA1  
(92) Streptomyces sp. NL15-2K  (93, 94)  VanAB
VA PCA  PCA PCA 3,4-  
H4folate VA  Acetobacterium 
dehalogenans (95-98) Acetobacterium woodii (99) Desulfitobacterium hafniense (100)
Moorella thermoacetica (formerly Clostridium thermoaceticum) (101, 102)
 M. thermoacetica VA  2
methyltransferase (MT I MT II) corrinoid protein (CP) activation protein 
(AE) 4  (Fig. IXB)  
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MT I MT II VA methoxy methyl - CP H4folate
 PCA 5-methyl-H4folate -  (Fig. IXB) AE  
corrinoid ATP  M. thermoacetica  AE-
MT I MT II CP VA M. thermoacetica
 VA 5-methyl-H4folate  Wood-
Ljungdahl  (Acetyl-CoA ) methyl  (101, 102)  
PCA carboxy CoA- 3-hydroxybenzoyl-CoA
b (103, 104)  VA
PCA -  
PCA-  
 SYK-6  VA methoxy methyl H4folate
H4folate VA O-demethylase (LigM) VA PCA  (Fig. 
YIII) (68)  LigM X -  -
 (105, 106)  Tyr247- LigM -  Tyr247
hydroxy proton VA methoxy -methyl
H4folate -  (105) VA
PCA  LigAB - PCA 4,5-  (Fig. VIII) 
(23, 69)  SYK-6 Novosphingobium aromaticivorans DSM 12444





































Fig. IX. VA . 
(A)  . (B)  H4folate
. Enzymes: VanA, VA O-demethylase oxygenase subunit; VanB, VA O-demethylase reductase 
subunit; MT I, methyltransferase I; MT II, methyltransferase II; CP, corrinoid protein with cobalt (Co) in 
the respective oxidation state; AE, activating enzyme. Abbreviations: VA, vanillate; PCA, protocatechuate; 
H4folate, tetrahydrofolate; 5-CH3-H4folate, 5-methyl-tetrahydrofolate. 
 
Syringate代謝 
SA VA  SYK-
6 1970-80 Dagley
Pseudomonas SA -  -
- (110-114) 
SA P. putida KT2440  SA GA
gal - - (115, 116) SA Pseudomonas
SA  
2000 SYK-6 SA




 (70-73)  SYK-6 SA  LigM H4folate
SA O-demethylase (DesA) 3MGA  (Fig. VIII)
3MGA 3  (Fig. VIII) LigM DesB
- GA - -  (71)  N. 
aromaticivorans DSM 12444 SA -  SYK-
6 SA 2 -  (81, 109)
DSM 12444 SA  DesA 3MGA
3MGA LigAB/LigAB2 CHMOD  
methylesterase (DesC) cis-trans isomerase (DesD) OMA PCA 4,5-
(81, 109)  DSM 12444 DesB
DesZ - 3MGA LigM DmtS
LigAB/LigAB2 GA OMA
 (109) DSM 12444 SA  GA
15%  CHMOD -
 (81, 109)  
 SA  Oceanimonas doudoroffii (117) Microbacterium sp. 
RG1  (85) Pandoraea norimbergensis LD001  (118) Pseudomonas sp. NGC7  (119)
Serratia sp. JHT01 Serratia liquefacien PT01  (120)-
Oshlag  SA Rhodopseudomonas palustris CGA009
 (121, 122)  SA
SA R. palustris SA008.1.07  (123)
 Microbacterium sp. RG1 SA -
 (85) RG1 SA  SYK-6 DSM 12444 DesA
3MGA  GA PDC PCA 4,5-











8. SYK-6株における vanillate/syringate代謝と C1代謝 
SYK-6 VA SA 3MGA  methoxy
methyl H4folate 5-methyl-H4folate-  (68, 70) 5-methyl-
H4folate C1  
methionine  thymidine purine  N-formyl-methionyl tRNA
-  (124)  
5-methyl-H4folate C1  SYK-6
 chloromethane
Methylobacterium extorquens CM4  (125-128) 5-methyl-H4folate C1
-  (125, 127) CM4 chloromethane  
corrinoid methyltransferase I (CmuA) methyltransferase II (CmuB)
 (Fig. XA) chloromethane methyl CmuA corrinoid
cobalamin  CmuB H4folate 5-methyl-H4folate -
 (125, 126) 5-methyl-H4folate 5,10-methylene-H4folate reductase (MetF) 
5,10-methylene-H4folate dehydrogenase/5,10-methylene-H4folate cyclohydrolase (FolD)
10-formyl-H4folate hydrolase (PurU)- C1 formic acid H4folate
 (Fig. XA) CM4 pCMU01
 purU-folD metF-cmuB  cmuA
purU-folD  (Fig. XB) (129)  
chloromethane - -  
(129, 130)  
SYK-6  ligM 5-methyl-H4folate C1
metF 10-formyl-H4folate synthetase ligH -  
ligM-metF-ligH -  (Fig. XV) (23, 131)
- SYK-6  CM4 5-methyl-H4folate C1
-  (Fig. XI) (68, 70) SYK-6 VA PCA
methionine  
VA SA 3MGA - methionine  
(Fig. XI) (68, 70)  methoxy 13C vanillin SYK-6
-  methionine - VA -
 (132)  C1 serine histidine  



























Fig. X. Methylobacterium extorquens CM4 C1 . 
,  (127, 129, 130) . (A) CM4 C1 . Enzymes: 
CmuA, chloromethane-corrinoid methyltransferase; CmuB, methyl-cobalamin-H4folate methyltransferase; 
MetF, 5,10-methylene-H4folate reductase; FolD, 5,10-methylene-H4folate dehydrogenase/5,10-methylene-
H4folate cyclohydrolase; PurU, 10-formyl-H4folate hydrolase; FDH, formate dehydrogenases; MxaF, 
methanol dehydrogenase alpha subunit; Fae, formaldehyde activating enzyme; MtdA, NAD(P)-dependent 
5,10-methylene-H4folate/H4MPT dehydrogenase; MtdB, NAD(P)-dependent methylene-H4MPT 
dehydrogenase; Mch, 5,10-methenyl-H4MPT cyclohydrolase; FhcABCD, formyltransferase-hydrolase 
complex; Fch, 5,10-methenyl-H4folate cyclohydrolase; FtfL, 10-formate-H4folate ligase. Abbreviations: 




























Fig. XI. SYK-6 C1  methionine . 
Enzymes: MetE (SLG_27170), methionine γ-lyase; MetK (SLG_33270), S-adenosylhomocysteine 
hydrolase; AhcY (SLG_23600), S-adenosylhomocysteine hydrolase; MetF, 5,10-methylene-H4folate 
reductase; FolD, 5,10-methylene-H4folate dehydrogenase/5,10-methylene-H4folate cyclohydrolase; LigH, 
10-formyl-H4folate synthetase; LigM, VA/3MGA O-demethylase; LigAB, PCA 4,5-dioxygenase; DesA, 
SA O-demethylase; DesB, GA dioxygenase. Abbreviations: VA, vanillate; PCA, protocatechuate; SA, 














PDC  (Fig. IV) 
-  (133) PDC pyrone 2 carboxy
 PDC   
-  (134-138) PDC bis(b-hydroxyethyl)terephthalate (BHT)
PDC-BHT  260°C
      
 (30 60 MPa )  (134, 135)  
PDC -  (138) PDC 2
PDC  
 90 
MPa 115 MPa  
PDC  PDC
-  PDC -  
 SYK-6
PDC -
SYK-6 ligABC Pseudomonas putida PpY1100 PCA
PDC -  85% 15 g/L PDC- -
 (40)  ligABC PpY1100 vanAB (VA O-
demethylase ) SYK-6 ligV (vanillin dehydrogenase ) ferA (feruloyl-CoA 
synthetase ) ferB (feruloyl-CoA hydratase/lyase ) desZ P. 
putida PpY1100 -  kraft lignin Japanese cedar birch
vanillin syringaldehyde VA
PDC  (139)  140 µg/ml kraft lignin 53 
µg/ml 1140 µg/ml Japanese cedar 655 µg/ml 1150 µg/ml birch
483 µg/ml PDC  (139)  ligABC vanAB ligV
PpY1100  VA 100 g/L PDC -
-  (140)  
 Perez N. aromaticivorans DSM 12444
PDC -  (141) Perez  PDC DSM 12444
DligI DligIDdesCD  FA VA SA
 ( 3 mM) PDC  (66-100%)
 Rahimi  (142, 143) 4-acetoamide-TEMPO/HNO3/HCl
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poplar lignin Ca  /
ether  (1 mM 
guaiacyl-diketone 0.35 mM syringyl-diketone 0.37 mM SA 0.12 mM syringaldehyde 0.44 
mM VA 0.1 mM vanillin 0.93 mM p-hydroxybenzoate )
 59% PDC Johnson  P. putida 
KT2440 pcaHG (PCA 3,4-dioxygenase ) ligABC
4-hydroxybenzoate 58.0 g/L PDC ( 80.7%)  
(144)  
PDC  Pseudomonas putida p-coumarate p-hydroxybenzoate 
VA cis,cis-muconate (ccMA) (145-147) polyhydroxyalkanoate (PHA)  
(44) - ccMA  
-  ccMA adipate hexamethylene 
diamine nylon 6,6 -




-  (119)  Pseudomonas  
Amycolatopsis sp. ATCC 39116 guaiacol ccMA  C. 
glutamicum ATCC 13032 pine ccMA -
 (150, 151)  
- -  
-  (152, 153) KT2440
 Crc 
(catabolite repression control)  crc p-
coumarate FA ccMA - -  (153)  Bentley
 KT2440 HexR














 RNA  (RNAP)
( )  histidine kinase
response regulator two-component regulatory systems 
effector-specific regulator one-component regulatory systems
-  (154-156)  
Two-component regulatory systems  histidine kinase
response regulator  
histidine kinase -
ATP His  His
- response regulator N Asp
DNA -  - two-component 
regulatory systems  P. putida F1 P. putida DOT-T1
toluene todXFC1C2BADEGIH TodS/TodT (157, 158) Thauera 
aromatica toluene TdiS/TdiR TutC/TutB (159, 160) 
Rhodococcus sp. M5 biphenyl/polychlorobiphenyl BpdS/BpdT (161) 
Pseudomonas styrene styABCD StyS/StyR (162-
165) Rhodococcus jostii RHA1 biphenyl/polychlorinated biphenyl
BphS1/BphT1 BphS2/BphT2 (166, 167) -  
two-component regulatory systems-
 
One-component regulatory systems effector-specific regulator  
 
DNA  (155) effector-specific regulator DNA  
helix-turn-helix (HTH) - -  (168)
effector-specific regulator  
- DNA




 (155, 156) One-component regulatory systems  
toluene phenol catechol -
 (155)  
 DDVA FA p-hydroxycinnamates 
VA PCA p-hydroxybenzoate  ( )
-  (Table III)
 MarR  IclR  GntR  PadR LysR  
one-component regulatory systems  (Table III) (155)
 SYK-6














































Sphingobium sp. SYK-6 
 
Rhodococcus jostii RHA1 
Rhodopseudomonas palustris CGA009 
Acinetobacter sp. ADP1 
Agrobacterium fabrum C58 
 
Corynebacterium glutamicum ATCC 13032 
 
Sphingobium sp. SYK-6 
 
Pseudomonas fluorescens BF13 
 
Acinetobacter sp. ADP1 
Caulobacter crescentus CB15N 
Corynebacterium glutamicum ATCC 13032 
Agrobacterium fabrum C58 
 
Sphingobium sp. SYK-6 
Corynebacterium glutamicum ATCC 13032 
Agrobacterium tumefaciens A348 
 
Sinorhizobium meliloti 1021 
Agrobacterium tumefaciens 
Pseudomonas putida PRS2000 
 
Acinetobacter sp. ADP1 
Streptomyces coelicolor A3(2) 
 
Acinetobacter sp. ADP1 

























































































































































































































































ND, not determined 
aa, alphaproteobacteria; g, gammaproteobacteria; Gm+, Gram positive bacteria 




MarR E. coli  (multiple antibiotic resistance, mar)
marRAB MarR (197)
 (198, 199) MarR






 (201, 202)  
MarR N - C -  “a1-a2-b1-a3-a4-b2-b3-a5-a6” 
 (201) N C
a1 a5 a6
homodimer winged-HTH 
(wHTH) DNA MTTR wHTH
a2-a3-a4 HTH HTH DNA
 (201) b2-b3 wing DNA
 (201) MarR dimer monomer
DNA MarR
DNA  (203, 204)  
MarR ( ) 16-20




Streptomyces coelicolor A3(2) PCA  (pcaIJFHGBL)
PcaV (193) Rhodopseudomonas palustris CGA009 p-hydroxycinnamates
couAB CouRRpa (171) Rhodococcus jostii RHA1 p-
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hydroxycinnamates cou CouRRHA1 (170)
X -  
PcaV homodimer pcaIJFHGBL
PCA PcaV PcaV
wHTH 15°  (193)
PcaV DNA -
pcaIJFHGBL PcaV PCA
4  (3,5-dihydroxybenzoate, 3-hydroxybenzoate, 4-hydroxybenzoate, 2,5-
dihydroxybenzoate)
 (4.34-147 µM) PCA  (0.67 µM)
PcaV PCA  (193) CouRRHA1 
homodimer cou p-
coumarate FA p-coumaroyl-CoA feruloyl-CoA
DNA -  (170) CouRRHA1-p-coumaroyl-CoA
X - CouRRHA1 DNA
PcaV CouRRHA1 p-coumaroyl-CoA
wHTH 6° -
 (170) p-coumaroyl-CoA CoA
CouRRHA1 DNA
DNA CouRRHA1 DNA
CouRRHA1 DNA -  (170) CouRRHA1 36%
CouRRpa CouRRHA1 p-coumaroyl-CoA
DNA -  (171) CouRRpa-p-coumaroyl-
CoA X - CouRRpa PcaV
 (205) CouRRpa CouRRHA1












IclR E. coli aceBAK




IclR N wHTH DNA
C
 (208, 209) IclR dimer dimer of dimer
DNA DNA IR direct repeat
IclR IR
 (210)  
IclR
Acinetobacter sp. ADP1 p-hydroxybezoate PobR (194, 195) ADP1
PCA pca PcaU (190, 191, 211) Pseudomonas putida
PCA pca PcaR (187-189)  
ADP1 PobR p-hydroxybezoate 3-hydroxylase pobA






 (195)  
PcaU PCA 3,4- pcaIJFBDKCHG quinate/shikimate
quiBCX  (190, 191) ADP1 pca
qui pca-qui pcaU pcaI
PcaU dimer pcaU-pcaI
 ( ) PCA
pca-qui  (190, 





P. putida PCA 3,4- pca pcaHG pcaIJ pcaK pcaF
pcaTBDC PcaR pcaHG  ( )
 (188, 189) PcaR pcaIJ pcaK pcaF pcaTBDC
PCA b-ketoadipate  
( )  (187, 188) b-ketoadipate --
PcaR dimer dimer of dimer pcaR pcaIJ
 (189) pcaIJ
b-ketoadipate PcaR-RNAP-DNA





GntR Bacillus subtilis gluconate (gnt)  (gntRKPZ)
GntR (212, 213)  (214) GntR
proteobacteria
 (156, 215, 216) GntR ( )
 (215)  
GntR N wHTH DNA
C  
(217) N DNA C
C - GntR FadR
HutC MocR YtrA AraR DevA PlmR 7




FadR  (218)  
VanR Acinetobacter sp. ADP1 Caulobacter crescentus CB15N











phenolic acid decarboxylase  (padA) PadR (222)
 (178, 223-228) PadR
 (178, 222-228) PadR ( )
Bacillus 
subtillis phenolic acid decarboxylase  (padC) PadR
padC padC p-coumarate
FA DNA - padC
-  (224, 229) Vibrio cholerae
AphA  (225)  
PadR N wHTH DNA
C PadR
C 2
 (226) V. cholerae AphA (225) Listeria monocytogenes LO28
mdrL LadR (226) P. pentosaceus B. subtillis PadR 
(222, 224) 1 80-90 C
Lactococcus lactis MG1363 lmrCD
LmrR (227) Bacillus cereus ATCC 14579
bcPadR1 bcPadR2 (230) 2 20-30 C
 
Corynebacterium glutamicum ATCC 13032 VA vanABK VanR
GntR 1  (178) C. glutamicum
VA vanAB VA
vanK vanR vanABK
VanR vanR-vanA IR DNA
vanABK  (178) VA VanR
 (178) VA VanR DNA




LysR E. coli diaminopimelate lysine
diaminopimelate decarboxylase  (lysA) LysR (232)
 (233) LysR




 (156)  
LysR N HTH DNA
C DNA
RNAP DNA
 (235, 236) Ralstonia eutropha 
NH9 chlorocatechol cbnABCD CbnR (237) Acinetobacter sp. 
ADP1 benzoate benABCDE BenM (238)
- LysR dimer tetramer
DNA- dimer of dimer tetramer DNA
 (233, 239) DNA ( )



























DDVA DdvT DdvK 4
VA  (Fig. XII) DDVA ddvT ddvK
ligZ ligY ddvT ddvT ligXa
SLG_07760 ligXa  (Fig. XII) (169)
ligXa MarR DdvR
 (Fig. XII) (56, 169) ligXc ligXd
ligW ligW2  (169) ddvR ddvR
3 ddvR
 (169) DdvR ddvT ligXa
IR
DDVA DdvR DdvR
DNA - DDVA ddvT ligXa































Fig. XII. SYK-6 - DDVA . 
DdvR ddvT - ligXa , 
. DDVA DdvR , DdvR
. Enzymes: DdvT, DDVA outer membrane transporter; DdvK, DDVA inner membrane transporter; DdvR, 
MarR-type transcriptional regulator; LigXa, DDVA O-demethylase oxygenase component; LigXc, DDVA 
O-demethylase ferredoxin component; LigXd, DDVA O-demethylase ferredoxin reductase component; 
LigZ, OH-DDVA meta-cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound hydrolase; 














FA FerA FerB/FerB2 vanillin VA PCA 4,5-
 (Fig. IV) (65) ferBA
ferB MarR FerC
 (Fig. XIII) (175) ferA SLG_25010 desA
SLG_25010 FA ferBA -
ferBA SLG_25010-desA
ferB2 ferC-ferBA ferB
10% FA FerB2  (175)
FerC ferBA - -10
IR  (5¢-ATGCTATGGCTTATAGCAT-3¢ [ IR ])
IR half site FerC
feruloyl-CoA FerC -
feruloyl-CoA ferBA  (Fig. 
XIII) feruloyl-CoA p-coumaroyl-CoA sinapoyl-CoA FerC














Fig. XIII. SYK-6 - FA . 
FerC ferB , ferBA . FA
feruloyl-CoA FerC , FerC . 
Enzymes: FerC, MarR-type transcriptional regulator; FerA, feruloyl-CoA synthetase; FerB and FerB2, 






PCA 4,5- PCA LigAB 4,5- 5
pyruvate oxaloacetate  (Fig. VIII) (23, 69) PCA 4,5-
ligKUI-lsdA  (ligK ) ligJABC  (ligJ
) ligR 3 ligK
ligJ LysR LigR PCA
SA GA  (Fig. 
XIV) (180) ligR LigR dimer of dimer
ligK ligJ -77 - -51
-80 - -48 DNA
 (180) PCA GA LigR
LigR DNA ligK














Fig. XIV. SYK-6 - PCA 4,5- . 
guaiacyl - syringyl , PCA GA , 
PCA 4,5- TCA . LigR ligJ - ligK
, PCA GA . , 
ligR . Enzymes: LigR, LysR-type transcriptional regulator. 








VA/SA ligM (SLG_12740) SA desA (SLG_25000)
desB (SLG_03330) SYK-6  (Fig. XV) 
(23, 24) desB ligM
C1 metF ligH  (Fig. XV) (23, 24)
desA hydrolase SLG_25010
ferBA FA SLG_25010 ferBA
 (175) SA ferB-ferA-SLG_25010-desA
 (70) (Fig. XV)
 
desA ligM desB desA ligM
VA SA desB SA
 (131, 240) ligM desB
s70
-35 -10  (131, 240)
desB desB
MarR DesR (SLG_12870) LysR
DesQ (SLG_14170)  (Fig. XVI) desR desQ
- DesR ligM desB
VA/SA























Fig. XVI. desB . 
(A) desB . DNA  (desBp1 probe)
. (B) desB . LB SYK-6
, streptavidin biotin desBp1 probe , 


























第 1節 緒言 
 
Biological funneling
(41) Sphingobium sp. 
SYK-6 -
(23, 24) SYK-6 guaiacyl syringyl
vanillate (VA)
syringate (SA) 2-pyrone-4,6-dicarboxylate 
(PDC)  (Fig. VIII) VA SA
- (242, 243) SYK-6
-
-  
SYK-6 VA tetrahydrofolate (H4folate) VA/3-O-methylgallate 
(3MGA) O-demethylase LigM protocatechuate (PCA)
PCA 4,5-  (Fig. VIII) SA H4folate
SA O-demethylase DesA 3MGA  (Fig. 
VIII) 3MGA 3 LigM
gallate (GA) dioxygenase DesB PCA 4,5-
 (Fig. VIII) (71)  
SYK-6 VA/SA
- (68, 70-73, 105, 106, 244) VA/SA
PCA 4,5- PCA
GA LysR LigR
-  (Fig. XIV) (180) - SYK-6 VA/SA





desR (SLG_12870) LysR desQ (SLG_14170)
 (Fig. XVI) 1 SYK-6 VA/SA





第 2節 結果 
 
1. Sphingobium sp. SYK-6株における vanillateおよび syringate変換の誘導性 
Sphingobium sp. SYK-6 vanillate (VA) syringate (SA)
- - - SYK-6
VA SA 10 mM sucrose 10 
mM glutamate 0.13 mM methionine 10 mM proline Wx  (Wx-SEMP)
5 mM VA SA Wx-SEMP  (Wx-SEMP + VA Wx-SEMP 
+ SA) SYK-6  (OD600 = 5.0) 200 µM VA SA
HPLC
VA SA
 (Fig. 1-1) VA SA 0-10 SEMP
VA 6.5 3.2 SA 6.9 3.6
 (Table 1-1) - SYK-6












Fig. 1-1. SYK-6 VA SA . 
Wx-SEMP ( ), Wx-SEMP + VA ( )- Wx-SEMP + SA ( ) SYK-6
 (OD600 = 5.0) , 200 µM VA (A) SA (B) . 
, HPLC . 3








Table 1-1. SYK-6 VA SA 





Wx-SEMP + VA 











Wx-SEMP + VA 







a 0-10 . 
b 3 . 
cWx-SEMP 1.0 .
 
2. desA、ligMおよび desBの転写誘導性 
SYK-6 desR  (DdesR; Fig. 1-2A) -
desA ligM desB  (241) -
PCR (qRT-PCR) -
Wx-SEMP Wx-SEMP + VA Wx-SEMP + SA SYK-6 - total RNA
cDNA cDNA desA ligM
desB  (Table 1-3) qRT-PCR
16S rRNA desA ligM desB SEMP
VA 37 17 7.4 SA
32 12 5.8  (Fig. 1-3A)
VA SA  
desA ligM desB VA SA -
- VA SA
protocatechuate (PCA) 3-O-methylgallate (3MGA) gallate (GA)  (5 mM)
Wx-SEMP + PCA Wx-SEMP + 3MGA
Wx-SEMP + GA SYK-6 - total RNA cDNA
qRT-PCR
SEMP 0.9-1.9 -  (Fig. 1-3A)




VA SA desA ligM desB -
 ( ) desA ligM  (DDAM ) 
(68) qRT-PCR Wx-SEMP Wx-SEMP + VA
Wx-SEMP + SA DDAM - total RNA qRT-PCR
desA ligM desB DDAM
desA ligM desB SEMP VA
18 23 13 SA 46 23 13
 (Fig. 1-3B) - VA


















Fig. 1-2. SLG_12870  (DdesR)- SLG_14170  (DdesQ) . 
(A and B) SYK-6 - SLG_12870 (A)- SLG_14170 (B)
. SLG_12870 - SLG_14170
. digoxigenin  ( ) , 
SYK-6 - DdesR total DNA PstI SYK-6 - DdesQ total DNA SacI
. DdesR - DdesQ - , 
SLG_12870 TTG TAG 519 bp 188-453 , - SLG_14170























Fig. 1-3. SYK-6 - DDAM - desA, ligM - desB . 
5 mM VA, PCA, SA, 3MGA GA / SYK-6  (A)- 5 
mM VA SA / DDAM  (B) total RNA , qRT-
PCR desA, ligM - desB . 
SYK-6 16S rRNA . Relative amount of mRNA Wx-SEMP
mRNA 1.0 mRNA . 3
. . Student¢s t test . 















LysR DesR (SLG_12870) DesQ 
(SLG_14170) desB DesR
DesQ desB
DdesR desQ  (DdesQ; Fig. 1-2B) (241) desB
electrophoretic mobility shift assay (EMSA) Wx-SEMP Wx-SEMP + VA
Wx-SEMP + SA DdesR DdesQ -
desB -225 - +23 desBp1
 (Fig. 1-4A) DdesQ
DNA−
 (Fig. 1-4B) DdesR
-  (Fig. 1-4B) DesR desB
DesQ  
desR desQ VA/SA - DdesR
DdesQ 5 mM VA SA DdesR
VA SA DdesQ
 (Fig. 1-4C and D) DdesR VA/SA
desR - pJB866 Pm desR
519 bp 1.9 kb DNA pJBdR
pJBdR  (pJB866) DdesR VA
pJBdR DdesR VA
DdesR  (Fig. 1-4E) pJBdR VA
 (Fig. 1-4E) - DdesR




































Fig. 1-4. desB . 
(A) desB EMSA DNA . (B) SYK-6 , DdesR - DdesQ
desB EMSA. Wx-SEMP, Wx-SEMP + VA - Wx-SEMP + SA
SYK-6 , DdesR - DdesQ , 
 (None)  (4 µg of protein) 500 pM digoxigenin desBp1
20°C 20 . 5% , 
. CP, DNA-protein complex; FP, free probe. (C and D) DdesR -
DdesQ VA SA . LB SYK-6 , DdesR - DdesQ
5 mM VA (C) 5 mM SA (D) Wx , OD660 . 






Fig. 1-4. -continued. 
(E) desR VA . pJB866 (vector) pJBdR SYK-6 - DdesR
5 mM VA Wx , OD660 . SYK-6(pJB866)




4. desR破壊株および desQ破壊株における desA、ligMおよび desBの転写誘導性 
desR VA/SA - - DdesR
desA ligM desB qRT-PCR Wx-SEMP Wx-SEMP + 
VA Wx-SEMP + SA DdesR - total RNA
cDNA cDNA desA ligM desB qRT-PCR
DdesR
ligM desB 20
9.4  (Fig. 1-5A) DdesR VA SA
ligM 19 19 desB 7.7 9.5
 (Fig. 1-5A) ligM desB
DesR - ligM desB
DdesR desA
1.6 - DdesR VA
SA  (Fig. 1-5A) desA
DesR
DdesQ desA ligM desB qRT-PCR desQ
- - Wx-SEMP Wx-5 mM VA
Wx-5 mM SA DdesQ total RNA cDNA desA
ligM desB qRT-PCR
DdesQ desA ligM desB
 (Fig. 1-5B) DdesQ desA ligM
desB VA SA  (Fig. 1-5B)



























Fig. 1-5. DdesR - DdesQ - desA, ligM - desB . 
5 mM VA SA / DdesR  (A)- DdesQ  (B) total 
RNA , qRT-PCR desA, ligM - desB , 
. SYK-6
16S rRNA . Relative amount of mRNA SYK-6 Wx-SEMP mRNA 1.0
mRNA . 3
. . Student¢s t test . ns, P > 0.05; **, P < 




Wx-SEMP Wx-SEMP + VA Wx-SEMP + SA Wx-SEMP + PCA Wx-SEMP + 3MGA
Wx-SEMP + GA SYK-6 - total RNA
cDNA cDNA desR  
(Table 1-3) qRT-PCR desR
16S rRNA desR
SEMP VA SA 6.4 4.8
PCA 3MGA GA 0.9-1.3  (Fig. 1-
1  
 50 
6A) desR VA SA
VA SA DDAM desR VA SA
5.7 5.1 -  (Fig. 1-6B) VA SA desR
-  
MarR
 (199, 201) desR - -
DdesR desR qRT-PCR
DdesR desR 4.5
 (Fig. 1-6A) DdesR VA SA desR
4.9 4.5 DdesR  (Fig. 1-6A)












Fig. 1-6. SYK-6 , DdesR - DDAM - desR . 
5 mM VA, PCA, SA, 3MGA GA / SYK-6  (A)- 5 
mM VA SA / DdesR  (A) DDAM  (B) total 
RNA , qRT-PCR desR . 
SYK-6 16S rRNA . Relative amount of mRNA SYK-6
DDAM Wx-SEMP mRNA 1.0 mRNA
. 3 . . 








6. desBおよび ligMのプロモーター領域の同定 
desB ligM
desB desB 109 A
ligM ligM 68 C
-  (Fig. 1-7A and B) (131, 240)
s70 -35 -10
 (Fig. 1-7A and B) -35 -10 desB ligM
- desB ligM
LacZ
pPR9TZ lacZ desB 205 bp 663 bp DNA
ligM 323 bp 506 bp DNA pRDBX
pPLMBS  (Fig. 1-7C and D) SYK-6 Wx-SEMP
Wx-SEMP + VA Wx-SEMP + SA b-galactosidase
b-galactosidase
Wx-SEMP pRDBX pPLMBS b-
galactosidase 2.3 9.4
 (Fig. 1-7C and D) pRDBX pPLMBS b-
galactosidase SEMP VA 3.5
4.3 SA 3.1 3.2  (Fig. 1-7C and D)
desB ligM VA/SA -35
-10
desB ligM 15 - inverted repeat (IR)
IR-B (5¢-GTTTGTGTCACATAC-3¢ [ IR ]) IR-M (5¢-
GTTTGTGTAACATAC-3¢ [ IR ])  (Fig. 1-7A and B)
IR-B desB +23 - +37 IR-M
ligM -40 - -26 ligM -35






























Fig. 1-7. desB - ligM . 
(A and B) desB (A)- ligM (B) . desB - ligM
.  (+1) . -35/-10
. IR IR-B - IR-M - . (C and 
D) desB (C)- ligM (D) . ( ) DNA
. pPR9TZ (vector) DNA . desB - ligM
 (+1) . -35/-10 . ( ) Wx-SEMP, 
Wx-SEMP + VA Wx-SEMP + SA SYK-6
b-galactosidase . 3 . 
. Student¢s t test . ns, P > 0.05; **, P < 0.01; ***, P < 0.001; ****, 









7. desRの E .coliにおける発現と DesRの精製および分子量分析 
DesR His desR E. coli
desR pCold I pCIdR E. coli BL21(DE3)
cspA His desR -
SDS-PAGE 20 kDa
 (Fig. 1-8A) His DesR -
 (21,522) Co
DesR  (Fig. 1-8A)  
DesR - DesR
20 ml  (Fig. 
1-8B) - DesR 42.2 kDa  (Fig. 1-
8C) His DesR 21,522 - DesR
homodimer











Fig. 1-8. E. coli BL21(DE3) - desR DesR - . 
(A) E. coli BL21(DE3) - desR Co
DesR . SDS-12% PAGE 10 µg 1 µg , 
. Lanes: M, ; 1, pCold I (vector) E. 
coli BL21(DE3)  (10 µg protein); 2, pCIdR E. coli BL21(DE3)
 (10 µg protein); 3, His spin trap TALON DesR (1.0 µg protein). (B) DesR
. Superdex 200 increase 10/300 GL , 10 mM
 (pH 7.4) 140 mM NaCl - DesR . Blue 
Dextran 2000 . thyroglobulin (a, 669 kDa), ferritin (b, 440 
kDa), aldolase (c, 158 kDa), conalbumin (d, 75.0 kDa), ovalbumin (e, 44.0 kDa), carbonic anhydrase (f, 
29.0 kDa), ribonuclease A (g, 13.7 kDa)- aprotinin (h, 6.5 kDa) . (C) DesR




8. desB、ligMおよび desA上流領域への DesRの結合能 
MarR
IR DNA  (199, 201, 202) desB ligM
IR-B IR-M  (Fig. 1-7A and B)
DesR desB ligM - -
EMSA desB ligM DNA  [desBp1-desBp4 
(Fig. 1-9A) ligMp1-ligMp4 (Fig. 1-9B)] digoxigenin DesR
desB IR-B desBp1
desBp2 desBp3 DNA-DesR
IR-B desBp4 -  (Fig. 
1-9A) - DesR desB
IR-B ligM IR-
M ligMp1 ligMp2 DNA-DesR
IR-M ligMp3 ligMp4
-  (Fig. 1-9B) - DesR ligM
IR-M DesR desA
- - desA - 1.7 kb
desAp1-desAp5 (Fig. 1-9C) EMSA
DNA-DesR
 (Fig. 1-9C) DesR desA desAp1-desAp5
1.7 kb IR-B IR-M
- qRT-PCR desA desR -

































Fig. 1-9. desB, ligM - desA - DesR . 
(A-C) desB (A), ligM (B)- desA (C) EMSA
DNA . desB - ligM  (+1) , -35/-10
. IR-B - IR-M . 
DNA DesR EMSA . DesR  (-)  (+, 240 
nM) 500 pM digoxigenin desBp1-desBp4 , ligMp1-ligMp4












9. desR上流領域への DesRの結合能 
DesR desR - - desR SLG_12860
317 bp desRp1  (Fig. 1-10A) DesR desRp1
EMSA DesR DNA-DesR
DesR desR
-  (Fig. 1-10B) desR -76 - -62 IR-B
IR-M IR-R (5¢-GTATGCTACGCTTAC-3¢ [ IR ])















Fig. 1-10. desR - DesR . 
(A) desR EMSA DNA . (B) desRp1 DesR EMSA. 
DesR  (-)  (+, 240 nM) 500 pM digoxigenin desRp1
20°C 20 . 5% , 
. (C) SLG_12860-desR . SLG_12860
desR . IR  (IR-R) . (D) IR-R, IR-









10. 変異 IR配列に対する DesRの結合能 
DesR desB ligM desR
DesR IR-B IR-M IR-R
(Fig. 1-10D) IR DesR DNA - - -
IR DNA DesR
desB IR-B DNA 3¢ 5¢
desBp5 desBp6 EMSA  (Fig. 1-11A)
DNA-DesR  (Fig. 1-
11A) Fig. 1-11A desBp5 desBp6 IR-B 5¢ 2  
(m2nt) 3  (m3nt) 6  (m6nt) DNA
DesR IR-B
 (Fig. 1-11A) ligM IR-M DNA 3¢
5¢ ligMp5 ligMp6 DesR
 (Fig. 1-11B) DNA-DesR
 (Fig. 1-11B) ligMp5 ligMp6 IR-M
DNA DesR IR-
M  (Fig. 1-11B) desR
IR-R 5¢ desRp2 desRp2 IR-R 5  
(m5nt) DNA DesR  (Fig. 1-11C)
IR-R DNA-DesR











































Fig. 1-11. desB, ligM - desR - IR . 
(A-C) desB (A), ligM (B)- desR (C) EMSA
IR DNA . desB - ligM  (+1) , -35/-10
. IR-B, IR-M - IR-R , -
. IR . DNA
DesR EMSA . DesR  (-)  (+, 240 nM) 500 pM
digoxigenin DNA 20°C 20 . 5%





qRT-PCR VA SA desB ligM desR
 (Fig. 1-3B and 1-6B) VA SA DesR DNA
- - VA SA DesR desB ligM
desR EMSA
DNA VA DNA-DesR
50 mM VA  (Fig. 
1-12) SA VA
DesR DNA VA -  (Fig. 1-12) -
VA SA DesR DesR desB ligM












































Fig. 1-12. VA SA - DesR DNA . 
VA SA  (-)/  (0.05, 0.5, 5, or 50 mM) , DesR (24 nM) desB (desBp2), 
ligM (ligMp1) desR (desRp1) DNA  (500 pM) 20°C 20






第 3節 考察 
 
1 desB DesR ligM
desB - DesR desB
DesQ VA/SA
qRT-PCR EMSA - DesR ligM desB
VA SA DesR
 (Fig. 1-5, 1-9 and 1-12) DesR DNA
IR-M ligM -40 - -26 IR-B
desB +23 - +37  (Fig. 1-7A and 
B) IR-M -35 - ligM
DesR RNA  (RNAP) IR-B
desB desB DesR
RNAP DNA E. coli K-12
4-hydroxyphenylacetate  (hpaGEDFHI) MarR
HpaR hpaR-hpaG 2  (OPR1 OPR2)
hpaG hpaR  (245) OPR2 hpaR
+34 - +60 HpaR OPR2
hpaR RNAP  (245)
- DesR desB HpaR
hpaR HpaR
hpaG -10 hpaG OPR1
hpa  (245)
- desB IR-B -
DesR RNAP desB
qRT-PCR - desR DesR
VA SA
-  (Fig. 1-6) DesR IR-B IR-M IR-R
desR  (Fig. 1-10 and 1-11C)  
MarR
DNA  
(200, 202) Streptomyces coelicolor A3(2) PCA PcaV




0.67-147 µM  (193) E. coli K-12 HpaR 4-hydroxyphenylacetate, 
3-hydroxyphenylacetate, 3,4-dihydroxyphenylacetate
SYK-6 FerC feruloyl-coenzyme A (CoA), sinapoyl-CoA, p-coumaroyl-CoA
 (175, 245) SYK-6 DesR VA SA
DesR DNA
VA SA DesR  (Fig. 1-12) SYK-6
5 mM VA SA
10 14 VA SA 4
 (Fig. 1-4C and D) DdesR VA/SA
8 VA SA




VA VA DesR ligM
LigM VA PCA (Fig. 1-13) PCA LigR
 (180) PCA LigR PCA 4,5-
PCA TCA  (Fig. 1-13)
SA desA SA
DesA SA 3MGA (Fig. 1-13) SA DesR
ligM desB 3MGA LigM
GA DesB GA PCA 4,5-
 (Fig. 1-13) GA LigR  (180) GA
LigR PCA 4,5- SA
3MGA 3 PCA 4,5- LigR
GA  (180) SA ligM
VA SA desR (Fig. 1-6) DesR
VA/SA - VA/SA - ligM
desB  
SYK-6 LigM DesA VA SA methoxy
methyl H4folate 5-methyl-H4folate  (Fig. XI) SYK-6
5-methyl-H4folate 5,10-methylene-H4folate reductase (MetF) 5,10-methylene-H4folate 
dehydrogenase/5,10-methylene-H4folate cyclohydrolase (FolD) 10-formyl-H4folate synthetase 
1  
 63 
(LigH) C1  (Fig. XI) 
(23, 124, 132) ligM metF ligH ligM metF ligH




-  (70) 5-methyl-H4folate VA SA
- 5,10-






















































Fig. 1-13. Sphingobium sp. SYK-6 - VA/SA . 
DesR desB, ligM - desR , - LigR PCA 4,5-
. DesR regulon: ligM metF ligH , desB, 








Novosphingobium aromaticivorans DSM 12444 SYK-6 VA
DSM 12444 VA 、SYK-6 LigM 78%
Saro_2861  (LigMNA) PCA PCA 4,5-
 (Fig. 1-14) (81, 109) DSM 12444
SYK-6 DesR 51% Saro_0803
 (Fig. 1-14) ligMNA Saro_0803 -
Agrobacterium fabrum C58 VA - PCA SYK-6
LigM 56% Atu1420  
(246) C58 VA 5-methyl-H4folate SYK-6 MetF
29% Atu1418 5,10-methylene-H4folate
C58 atu1418 atu1420 GntR
Atu1419  (179)
Atu1419 C. crescentus CB15N Acinetobacter sp. ADP1 P. putida KT2440
GntR VanR 34% 31% 39%
C58 SYK-6 desR











Fig. 1-14. Sphingobium sp. SYK-6 N. aromaticivorans DSM 12444 - ligM - desR
. 
. 




qRT-PCR EMSA - desR desA
(Fig. 1-5A) DesR desA - (Fig. 1-9C) DesR desA
- DesQ desA
(Fig. 1-5B) desA ligM desB VA







第 4節 材料と方法 
 
試供菌、プラスミド、プライマー、培養条件 
1 Table 1-2 PCR Table 
1-3 lysogeny broth (LB)  (10 g/l Bacto Tryptone, 5 
g/l Yeast Extract, 5 g/l NaCl) - Wx  (Table 1-4) (175) Wx
5 mM vanillate (VA) protocatechuate (PCA) syringate (SA) 3-O-methylgallate 
(3MGA) gallate (GA) SEMP (10 mM sucrose, 10 mM glutamate, 0.13 mM methionine, 10 mM 
proline) 15 g/l -
L 160 rpm 120 rpm 200 rpm
Sphingobium sp. SYK-6 30°C
SYK-6 300 mg/l carbenicillin (Cb) 50 mg/l
kanamycin (Km) 12.5 mg/l tetracycline (Tc) 12.5 mg/l nalidixic acid (Nal)
Escherichia coli NEB 10-beta E. coli BL21(DE3)
E. coli 30°C 37°C E. coli
100 mg/l ampicillin (Ap) 25 mg/l Km  
 
試薬、基質、酵素、および遺伝子操作 
- FUJIFIM Wako Pure Chemical Corporation Takara Bio Inc. Tokyo Chemical 
Industry Co., Ltd. Nacalai Tesque Inc. Toyobo Co., Ltd. Nippon Gene Sigma-Aldrich Co. LLC.
New England Biolabs. Inc. Roche Diagnostics K.K. Promega Corporation QIAGEN Thermo Fischer 
Scientific, Inc.- Fluorochem Ltd.
Molecular cloning A Laboratory Manual 4th edition -
2  ( ) VA PCA SA - GA Tokyo Chemical Industry Co., Ltd.
Sigma-Aldrich Co. LLC. 3MGA Fluorochem Ltd. VA PCA
- SA 0.5 M pH 7.0-8.0 1-2N NaOH aq.













Table 1-2. 1 -  
 
















































Wild type; Nalr Smr 
SYK-6 derivative; ligM::bla desA::kan; Nalr Smr Cbr Kmr 
SYK-6 derivative; ΔSLG_12870 (desR); Nalr Smr 
SYK-6 derivative; ΔSLG_14170 (desQ); Nalr Smr 
 
 
D(ara-leu) 7697 araD139 fhuA ΔlacX74 galK16 galE15 e14-ϕ80dlacZΔM15 recA1 relA1 endA1 
nupG rpsL (Smr) rph spoT1 D(mrr-hsdRMS-mcrBC) 




Cloning vector; T7 promoter; Apr 
Cloning vector; Apr 
Expression vector; cspA promoter; Apr 
RK2 broad-host-range expression vector; Tcr Pm xylS 
Translational fusion LacZ reporter vector; Apr Cmr 
Broad-host-range transcriptional fusion vector containing a promoterless lacZ; Apr 
pPR9TT with a 3.6-kb SmaI-ScaI fragment containing lacZ from pQF50 replacing the  
3.2-kb BamHI fragment 
pJB866 with a 1.9-kb PCR amplified HindIII-EcoRI fragment carrying desR 
KS(+) with a 3.1-kb XhoI-EcoRV fragment carrying desB 
pPR9TZ with a 0.7-kb XhoI-PstI fragment carrying the desB promoter region from pEVXH 
KS(+) with a 4.7-kb SmaI fragment carrying ligM 
pPR9TZ with a 1.0-kb BamHI fragment carrying the ligM promoter region from pBSM4.7 
0.5-kb SalI deletion of ligM intragenic region of pPLMBB 
pT7Blue with a 0.5-kb PCR amplified fragment carrying desR 

































Table 1-3. 1  
 































































































































































































SYK-6株の休止細胞を用いた vanillateおよび syringateの変換実験 
SYK-6 LB 24 Wx buffer (Wx
Solution II  [see Table 1-4]) 2 buffer OD600 = 0.2
30 ml Wx-SEMP 30°C OD600 = 0.5-0.6
VA SA 5 mM 6  (
VA SA )
- OD600 = 0.5-0.6 2  ( )
50 mM Tris-HCl buffer (pH 7.5) 2 -
OD600 = 5.0 buffer 200 µM VA
SA 300 µl 30°C 1,500 rpm 30 min
50 µl  (0, 5, 10, 20, and 30 min) 5 min




SYK-6 vanillate - syringate
0.20 µm  (Millex-LG, Millipore) High-performance liquid 
chromatography [HPLC; ACQUITY ultraperformance liquid chromatography (UPLC) system; Waters]
TSKgel ODS-140HTP column (2.1 by 100 mm; Tosoh)
0.1% formic acid acetonitrile 10% water 90% 0.5 ml/min VA -


























































SYK-6 DdesR - DdesQ LB 24
Wx buffer 2 - OD600 = 0.2 100 ml Wx-SEMP
30°C OD600 = 0.5-0.6 VA SA
5 mM 6 - OD600 = 0.5-0.6
2 50 mM Tris-HCl buffer (pH 7.5)
2 buffer  (UD-201; Tomy Seiko)
19,000 ́  g 15 min 4°C 0.1% (wt/vol)





Bradford  (254) CBB  (Nacalai 
Tesque Inc.)  (V630-BIO; Jasco)
 (Nacalai Tesque Inc.)  
 
total RNAの単離 
SYK-6 DDAM DdesR - DdesQ LB 24
Wx buffer 2 - SYK-6 DDAM - DdesR
OD600 = 0.2 10 ml Wx-SEMP 30°C OD600 = 0.5-0.6
VA PCA SA 3MGA GA 5 mM
VA SA - 3MGA - 6 PCA - GA - 2
- OD600 = 0.5-0.6 2 DdesQ  
(- SYK-6 ) Wx buffer OD600 = 0.2 10 ml Wx-
SEMP Wx-5 mM VA Wx-5 mM SA 30°C OD600 = 0.5-0.6
 
illustra RNAspin Mini RNA Isolation Kit (GE Healthcare) total RNA
total RNA DNase I (Takara Bio) DNA phenol-
chloroform - ethanol DNA 2 10-20 
µl diethylpyrocarbonate-treated water
total RNA V630-BIO  (Quantus  
Fluorometer; Promega) QuantiFluor® RNA System (Promega)  
 
逆転写反応による cDNAの調製 
complementary DNA (cDNA) PrimeScript II 1st strand 
cDNA Synthesis Kit (Takara Bio) 1 µg total RNA
50 mM Random 6 mers 10 mM dNTP Mixture 10 µl 65°C 5 min
1  
 72 
5´ Primescript Buffer 40 U/µl RNase Inhibitor 200 U/µl 
 (PrimeScript reverse transcriptase) 20 µl
30°C 10 min 42°C 30 min
DNA
cDNA NucleoSpin Gel and PCR Clean-up (Takara Bio)
30 µl Elution buffer NE (5 mM Tris-HCl, pH8.5)  
 
定量的逆転写 PCR (qRT-PCR)解析 
SYK-6 DDAM - DdesR qRT-PCR cDNA Fast SYBR Green 
master mix (Applied Biosystems) StepOne real-time PCR system (Applied Biosystems)
PCR
 (Primer Express version 2.0; Applied Biosystems)  
(Table 1-3) PCR 2 μl cDNA 2 μl 9 μM - 10 μl SYBR Green 
PCR master mix 20 μl 3,000 rpm 1 min
well PCR
StepOne real-time PCR detector 95°C-15 sec 60°C-
1 min 40 60°C 95°C 1°C/min
 (melting curve)  
DdesQ  (- SYK-6 ) qRT-PCR cDNA Thunderbird 
SYBR qPCR mixture (Toyobo Co., Ltd.) LightCycler 480 System II (Roche Diagnostics K.K.)
PCR
Primer Express version 2.0 software program (Applied Biosystems)  
(Table 2-3) PCR 2 μl cDNA 10 pmol - 10 μl
Thunderbird SYBR qPCR mixture 20 μl 3,000 rpm 1 min
well PCR
LightCycler 480 System II 95°C-
3 sec 60°C-30 sec 40 60°C 95°C 2°C/min
 (melting curve)  
SYK-6 16S rRNA
DDAM - DdesR - desA ligM - desR DDAM
- DdesR 5¢
mRNA - 16S rRNA DNA  
 
生育試験 
SYK-6 DdesR - DdesQ 10 ml LB 24
Wx buffer 2 1 ml Wx buffer 5 mM VA
SA 5 ml Wx OD660 = 0.2 TVS062CA 
1  
 73 




SYK-6 Nal LB 12 19,000 ́  g 15 min 4°C
STE buffer (pH 8.0; 10 mM Tris-HCl, 1 mM EDTA, 100 mM NaCl)
buffer 2 g/l lysozyme 37°C 60
0.2 g/l proteinase K 37°C 60
0.5% 10% SDS 65°C 60
phenol-chloroform isopropanol total DNA Total 
DNA RNase A TE buffer 37°C 1 RNA
total DNA Total DNA 4°C  
 
desR相補株の生育試験 
desR SYK-6 total DNA Table 1-3
12870_T_F - 12870_B_R PCR desR 1.9 kb
desR DNA pJB866 HindIII-EcoRI pJBdR pJB866
- pJBdR SYK-6 DdesR
DNA desR  
SYK-6(pJB866 pJBdR) - DdesR(pJB866 pJBdR) Tc 10 
ml LB 24 Wx buffer 2 1 ml Wx 
buffer Tc - Pm 1 mM m-
toluate 5 mM VA 5 ml Wx OD660 = 0.2




Nal 10 ml LB SYK-6 24 10 ml
2% OD600 = 0.5 1 ml 0.5 
M sucrose 2 300 µl 100 µl DNA
1 µg/µl Gene pulser (Bio-Rad Laboratories, Inc.) 200 W 2.5 





pPR9TZ lacZ pEVXH desB 205 bp
663 bp XhoI-PstI desB
1  
 74 
pRDBX pPR9TZ lacZ pBSM4.7 ligM
1.0 kb BamHI pPLMBB pPLMBB SalI




pRDBX pPLMBS -  (pPR9TZ)
DNA SYK-6 SYK-6 Cb
LB 24 Wx buffer 2 -
OD600 = 0.2 Cb 10 ml Wx-SEMP 30°C OD600 
= 0.5-0.6 VA SA 5 mM
6 - OD600 = 0.5-0.6 2
 
Wx buffer 2 OD600 = 5.0 (Abs600 = 5.0)
buffer 20 µl (v = 0.02 ml) 80 µl permeabilization solution (100 mM 
Na2HPO4, 20 mM KCl, 2 mM MgSO4, 0.8 mg/ml hexadecyltrimethylammonium bromide, 0.4 mg/ml 
sodium deoxycholate, 5.4 µl/ml b-mercaptoethanol) 30°C 30 600 
µl substrate solution (60 mM Na2HPO4, 40 mM NaH2PO4, 1 mg/ml 2-nitrophenyl-b-D-
galactopyranoside, 2.7 µl/ml b-mercaptoethanol) 30°C 5  (t = 5 min)
700 µl stop solution (1 M Na2CO3) 19,000 × g 1
Abs420 b-galactosidase Miller assay 
(https://openwetware.org/wiki/Beta-Galactosidase_Assay_(A_better_Miller)) (255, 256) Miller 
units [1000 × Abs420/(t × v × Abs600)] Abs420 t v Abs600 absorbance 
of the o-nitrophenol reaction time (min) volume of culture solution (ml) cell density  
 
E. coliにおける desRの発現と DesRの精製 
SLG_12870 (desR) SYK-6 total DNA Table 1-3
desR_NdeI_F - desR_NdeI_R PCR 0.5 kb DNA
pET-16b TA pT1542 pT1542 0.5 kb NdeI-BamHI pCold I
pCIdR E. coli BL21(DE3) pCIdR Ap LB 12
1% 30°C  OD600 
= 0.5 16°C 30 1 mM isopropyl-b-D-
thiogalactopyranoside (IPTG) 16°C 24 desR
E. coli 5,000 ´ g 5 min 4°C 500 mM NaCl 40 mM imidazole 50 
mM Tris-HCl buffer (pH 7.5) 2 buffer
19,000 ´ g 15 min 4°C 500 mM 
NaCl 40 mM imidazole 50 mM Tris-HCl buffer (pH 7.5) His Spin 
Trap TALON (GE Healthcare) 100 ´ g 1 min 4°C
1  
 75 
500 mM NaCl 40 mM imidazole 50 mM Tris-HCl buffer (pH 7.5) 5
500 mM NaCl 150 mM imidazole 50 mM Tris-HCl buffer (pH 7.5)
Amicon Ultra (10 kDa cut, Merck)




desR - 5% 12% SDS-PAGE
100 V 120
 [0.1% (wt/vol) Coomassie Brilliant Blue R-250, 50% methanol, 5% acetate]
30-60  (40% methanol, 10% acetate)
Novex Sharp Pre-stained Protein Standard (Thermo Fischer 
Scientific, Inc.)  
 
ゲルろ過クロマトグラフィー 
400 µg DesR Blue Dextran 2000 -  (  [5.0 mg/ml, 
669 kDa]  [0.3 mg/ml , 440 kDa]  [4.0 mg/ml , 158 kDa]
 [3.0 mg/ml , 75.0 kDa]  [4.0 mg/ml , 44.0 kDa]
 [3.0 mg/ml , 29.0 kDa] RNase A [3.0 mg/ml , 13.7 kDa]  [3.0 mg/ml , 6.5 kDa])
140 mM NaCl 10 mM H3PO4 buffer (pH 7.4)  (Superdex 200 
increase 10/300 GL; GE Healthcare) BioAssist eZ system (Tosoh) 1.0 
ml/min  ( ) Blue Dextran 2000
 (ml) Vt Vo - Ve Kav = (Ve - Vo)/(Vt - Vo)
Kav DesR  
 
digoxigenin標識した DNAプローブの作製 
Electrophoretic mobility shift assay (EMSA) digoxigenin gel shift kit 2nd 
generation (Roche) DNA Table 1-3
SYK-6 total DNA PCR DNA
2% ethanol
DNA  (Quantus  Fluorometer) QuantiFluor® dsDNA System 
(Promega) 1.5 pmol DNA terminal transferase
3¢ digoxigenin-11-ddUTP  
 
DNA-タンパク質結合反応 
EMSA - DNA- SYK-6 -  (4 
µg of protein) DesR (10 ng [0.24 pmol dimer] 100 ng [2.4 pmol dimer]) 5 fmol
digoxigenin DNA 1 μg poly-[d(I-C)]- Binding buffer (1´) [20 mM HEPES, 1 
1  
 76 
mM EDTA, 10 mM (NH4)2SO4, 1 mM dithiothreitol, 0.2% (wt/vol) Tween 20, 30 mM KCl, pH 7.6]
10 μl DNA buffer DesR
20°C 20 DesR
VA SA 0.05 0.5 5 50 mM 1 µl  
 
メンブレンへの転写とシグナルの検出 
2.5 μl 5´ loading buffer (0.25´ TBE buffer, 60%; 
glycerol, 40%; bromphenol blue, 0.2% [wt/vol]) 5%
 (sterilized water, 3.1 ml; 5´ TBE buffer [Tris, 445 mM; Boric acid, 445 mM; EDTA, 10 mM], 
1.0 ml; 30% acrylamide, 0.85 ml; 10% ammonium peroxodisulfate, 23 μl; TEMED, 3.85 μl)
buffer 0.5´ TBE 80 V 4°C 1-2  
DNA Trans Blot SD 
(Bio-Rad Laboratories)  (Bio-Rad Laboratories) Hybond-N+
 (GE Healthcare) 15 V
10-20  0.5´ TBE
 
DNA UV Closslinker (CX-2000; 
UVP) UV  (3000×100 µJ/cm2, 20 sec) DNA
buffer (100 mM malate, 150 mM NaCl [pH 7.5 with NaOH])  (Wave-
SI slim; TAITEC Corporation) 5  
( buffer + 1% blocking reagent) 30
1/10,000 digoxigenin  (Anti-Digoxigenin-AP, Roche)
30  (ELISA )
DNA buffer 15 2
buffer (100 mM Tris-HCl, 100 mM NaCl [pH 9.5 with 
HCl]) 5 6 µl CDP-Star (Roche) 200 µl
buffer - OHP
CDP-Star Alkaline 
phosphatase  (LumiVision PRO image 
analyzer; Aisin Seiki)  
 
統計解析 
GraphPad Prism 8 (GraphPad Software) Student¢s t test pairwise










第 1節 緒言 
 
1 - Sphingobium sp. SYK-6 vanillate (VA)/syringate (SA)
ligM SA desA desB VA SA
VA SA
-  (Fig. 1-3) desB
LysR DesQ -
 (Fig. 1-5B) MarR DesR ligM desB
 (Fig. 1-5 and 1-9) VA
SA DesR
-  (Fig. 1-12) - DesR desA






第 2節 結果 
 
1. Sphingobium sp. SYK-6株における desAの転写制御因子の同定 
Sphingobium sp. SYK-6 desA
SYK-6 desA electrophoretic mobility 
shift assay (EMSA) 10 mM sucrose 10 mM glutamate 0.13 
mM methionine 10 mM proline Wx  (Wx-SEMP)
5 mM VA SA Wx-SEMP  (Wx-SEMP + VA Wx-SEMP + 
SA) SYK-6 - digoxigenin desAp1-desAp5
 (Fig. 2-1A)
desAp2 DNA 
 (Fig. 2-1B) desA SA VA 
(5 mM) desAp2 Wx-SEMP SYK-6
EMSA
 (Fig. 2-1C) - SYK-6 desAp2
SA VA  
SYK-6 desA desA ferulate (FA)
ferBA MarR ferC  (Fig. 
2-1A) (175) desA IclR
SLG_24970  (Fig. 2-1A, Table 2-1)
( )  (156)
desAp2 ferC SLG_24970 -
- ferC  (DferC ) (175)
SLG_24970  (D24970 ) (Fig. 2-2)
desAp1-desAp4 EMSA Wx-SEMP
DferC D24970 - EMSA DferC
desAp2 DNA 
D24970
-  (Fig. 2-1D) DesR DesQ
DferC  (Fig. 2-1D)
- SLG_24970 desAp2





























Fig. 2-1. desA . 
(A) desA . ferC, MarR-type transcriptional regulator gene; ferB, feruloyl-CoA 
hydratase/lyase gene; ferA, feruloyl-CoA synthetase gene; SLG_25010, putative hydrolase gene; 
SLG_24970 (desX), IclR-type transcriptional regulator gene; vceA, vanilloyl acetic acid/3-(4-hydroxy-3,5-
dimethoxyphenyl)-3-oxopropanoic acid-converting enzyme gene (54). 
EMSA DNA  (desAp1-desAp5 ) . (B) SYK-6
desAp1-desAp5 EMSA. Wx-SEMP, Wx-SEMP + VA Wx-SEMP + SA
SYK-6 ,  (None)  (0.4 
µg protein/µl) , 500 pM digoxigenin desAp1-desAp5 20°C 20
. 5% , 





Fig. 2-1. -continued. 
(C) SA VA SYK-6 desAp2 EMSA. 
5 mM SA VA / , Wx-SEMP SYK-6
 (-)  (+, 0.4 µg protein/µl) 500 pM desAp2 20°C
20 . 5% , 
. CP, DNA-protein complex; FP, free probe. (D) DferC , D24970 , DdesR -
DdesQ desAp1-desAp4 EMSA. Wx-SEMP
DferC , D24970 , DdesR - DdesQ , 
 (-)  (+, 0.4 µg protein/µl) 500 pM desAp1-desAp4 20°C 20
. 5% , 
. CP, DNA-protein complex; FP, free probe. 
 
 
Table 2-1. SLG_24970 IclR	
 
a IclR  (IclR-type transcriptional regulator, ITTR) 









































































Pseudomonas putida PRS2000 
Acinetobacter baylyi ADP1 
Escherichia coli K-12 
E. coli K-12 
E. coli K-12 
Comamonas testosteroni T-2 
Comamonas sp. E6 
Comamonas sp. E6 
P. putida DOT-T1E 
A. baylyi ADP1 
Sphingobium wenxiniae JZ-1T 
C. testosteroni TA441 
P. putida KT2440 
Rhodococcus jostii RHA1 
Rhodococcus sp. DK17 
Rhodococcus erythropolis CCM2595 
R. erythropolis HL PM-1 
Corynebacterium glutamicum ATCC 13032 




























































Fig. 2-2. SLG_24970  (D24970) . 
(A) D24970 - kan . (B and C) D24970
. SYK-6 - D24970 total DNA SalI , digoxigenin
SLG_24970  (pUC401 1.4 kb ApaI ) (B) kan  (pIK03
1.3 kb EcoRV ) (C) . 
 
ferC desX SYK-6 SA VA - -
DferC DdesX SA VA
DferC DdesX 5 mM SA VA Wx DferC
 (Fig. 2-3A and B) DdesX
SA VA SA
 (Fig. 2-3A and B) - DesX desAp2
desA FerC SYK-6 SA/VA
 
DdesX SA/VA desX -
pJB866 Pm desX 750 bp 1.1 kb DNA
2  
 82 
pJB24970 pJB24970  (pJB866)
DdesX 5 mM SA
pJB24970 DdesX SA DdesX
 (Fig. 2-3C)
pJB24970 SA  (Fig. 2-3C) -



















Fig. 2-3. SYK-6 , DferC - DdesX SA VA . 
(A and B) SYK-6 , DferC - DdesX SA (A) VA (B) . LB
SYK-6 , DferC - DdesX 5 mM SA (A) 5 mM VA (B) Wx
, OD660 . 3 . 
. (C) desX SA . pJB866 (vector) pJB24970
SYK-6 - DdesX 5 mM SA Wx , OD660
. SYK-6(pJB866) DdesX(pJB866) SA pJB866  (A)
, tetracycline . 






2. desX破壊株における desA、ligM、desB、ferB、SLG_25010および desXの転写
誘導性 
desX SA/VA - - DdesX
desA ligM desB qRT-PCR Wx-
SEMP Wx-5 mM SA Wx-5 mM VA SYK-6
DdesX - total RNA qRT-PCR desA ligM desB
desA ligM desB
SA 28 5.7 4.4 VA
50 14 7.6  (Fig. 2-4A-C)
1  (Fig. 1-3A) DdesX
desA 48 VA
 (Fig. 2-4A) desA DesX




3.6 VA 16 10  (Fig. 2-4B and C) ligM
desB DesX  
SYK-6 desA hydrolase
SLG_25010 ferBA  (Fig. 2-1A) SLG_25010 ferB
DesX - - qRT-PCR
DdesX ferB
SA VA  (Fig. 2-4D) -
DesX ferBA
SLG_25010 SA VA 11 39
 (Fig. 2-4E) DdesX
SLG_25010 59 SA
VA  (44 51 )  (Fig. 2-4E) -
SLG_25010 desA DesX SA VA
SLG_25010 desX
desX desX























Fig. 2-4. SYK-6 - DdesX - desA, ligM, desB, ferB, SLG_25010 - desX
. 
Wx-SEMP, Wx-5 mM SA - Wx-5 mM VA SYK-6 DdesX total RNA
, qRT-PCR desA (A), ligM (B), desB (C), ferB (D), SLG_25010 (E)- desX (SYK-
6 ) (F) . 
SYK-6 16S rRNA . Relative amount of mRNA , SYK-6 Wx-SEMP
mRNA 1.0 mRNA . 3
. . Student¢s t test














 (70) FA ferB ferA
SLG_25010
 (175) ferB SLG_25010-desA SA VA
 (Fig. 2-4A, D, and E) ferB-ferA-SLG_25010-
desA Wx-SEMP
Wx-5 mM SA Wx-5 mM VA Wx-5 mM FA SYK-6 -
total RNA  
(Table 2-3) RT-PCR  (Fig. 2-5A) ferB-
ferA  (Fig. 2-5B) SA/VA/FA ferB-ferA
ferA-SLG_25010 SLG_25010-desA  (Fig. 2-5C-E)
- ferA-desA -  (Fig. 2-
5B-E) - ferB-ferA-SLG_25010-desA ferBA
SLG_25010-desA 2 SA/VA/FA




































Fig. 2-5. ferB-ferA-SLG_25010-desA RT-PCR . 
(A) ferB-ferA-SLG_25010-desA . 
RT-PCR . (B-E) RT-PCR . PCR
cDNA , Wx-SEMP (B), Wx-5 mM SA (C), Wx-5 mM VA (D)- Wx-5 mM FA (E)
SYK-6 total RNA . ferA-SLG_25010 (lanes 1; expected size, 
932 bp), SLG_25010-desA (lanes 2 and 3; 1,155 bp and 1,132 bp, respectively), ferA-desA (lanes 4; 1,987 
bp)- ferB-ferA (lanes 5; 955 bp) Table 
2-3 . Lanes: M, ; G, SYK-6 DNA

















ferA - desA 1.4 kb
DNA pSEVA225 lacZ
pSDA1 pSDA2 pSDA3 pSDA4  (Fig. 2-6A)
SYK-6 Wx-SEMP Wx-5 
mM SA Wx-5 mM VA b-galactosidase
pSDA2 SA VA
SEMP 12  (Fig. 




total RNA SLG_25010 PE25010
76 bp  (Fig. 2-6B) -
SLG_25010-desA SLG_25010 - 10
T  (Fig. 2-6B) SLG_25010-desA
E. coli s70 -35 -10
 (Fig. 2-6B) -10 -21 - -4
18 bp inverted repeat (IR) IR-DA (5¢-TCTTCGTATATACGAAGA-3¢)
 (Fig. 2-6B)  
-35 -10 SLG_25010-desA
- -
SA/VA pSDA2 140 bp
pSDA2a -35 pSDA2b -35 -10
pSDA2c SYK-6 b-galactosidase
 (Fig. 2-6A) pSDA2a pSDA2
SA VA 9.4  (Fig. 2-
6A) pSDA2b pSDA2c / --



























Fig. 2-6. SLG_25010-desA . 
(A) desA . ( ) DNA . 
pSEVA225 (vector) DNA . SLG_25010-desA
 (+1) . -35/-10 IR-DA
. ( ) Wx-SEMP, Wx-5 mM SA Wx-5 mM VA
SYK-6 b-galactosidase . 3 . 
. one-way ANOVA with Dunnett¢s multiple-comparison test
. ns, P > 0.05; ****, P < 0.0001. (B) SLG_25010-desA
. Wx-5 mM SA SYK-6 total RNA 5¢
6-carboxyfluorescein PE25010 . (
) ABI3730xl . 
350ROX , . AU, 
arbitrary units. ( ) SLG_25010-desA . SLG_25010
.  (+1) . -35/-10
. IR-DA . Shine-Dalgarno (SD)





5. desXの E. coliにおける発現と DesXの精製 
DesX His desX E. coli
desX pET-16b p16bdX E. coli BL21(DE3)
T7 His desX -
SDS-PAGE 29 kDa
 (Fig. 2-7) His DesX -
 (28,968) Ni










Fig. 2-7. E. coli BL21(DE3) - desX DesX . 
SDS-12% PAGE . 
Lanes: M, ; 1, pET-16b (vector) E. coli BL21(DE3)  (10 
µg protein); 2, p16bdX E. coli BL21(DE3)  (10 µg protein); 3, His spin trap
















6. SLG_25010-desAオペロンのプロモーター領域への DesXの結合能 
DesX SLG_25010-desA - -
EMSA SLG_25010-desA DNA
 (desAp1-desAp5 ) DesX  (Fig. 2-8A)
desAp1 desAp3 desAp4 desAp5
- desAp2 DNA-DesX
 (Fig. 2-8B) DesX desAp2
1  (Fig. 
2-8C) desAp2 1 DesX
desAp2 SLG_25010-desA IR-DA
 (Fig. 2-6B and 2-8A) DesX IR-DA
desAp6 desAp8 IR-DA desAp7 EMSA
 (Fig. 2-8A) desAp6-desAp8 DesX
IR-DA desAp6 desAp8 DNA-DesX
- IR-DA desAp7
 (Fig. 2-8D) SLG_25010-desA
DesX IR-DA  
IR-DA DesX - - -
IR-DA DNA DesX IR-DA DNA
3¢ desAp9 EMSA  (Fig. 2-8A)
DesX DNA-DesX  (Fig. 2-
8E) desAp9 IR-DA 18 bp left half site 9
right half site 9 DNA  (desAp9mL
desAp9mR)  (Fig. 2-8A) DesX desAp9
DNA-DesX





























Fig. 2-8. SLG_25010-desA - DesX . 
(A) EMSA DNA . SLG_25010-desA  (+1) . 
-35/-10 IR-DA . desAp9mL - desAp9mR
IR-DA . (B and D) DesX desAp1-desAp5  
(B)- desAp6-desAp8  (D) EMSA. DesX  (-)  (+, 8 
ng protein/µl) 400 pM DNA 20°C 20 . 5%
, SYBR Gold blue LED DNA . 
(C) DesX desAp2 EMSA. DesX  (0 ng/µl)
 (0.5-16 ng protein/µl) 400 pM desAp2 20°C 20 . 
5% , SYBR Gold blue LED
DNA . (E) DesX desAp9 - IR-DA DNA
 (desAp9mL - desAp9mR) EMSA. DesX  (-)  (+, 8 ng 
protein/µl) 400 pM 20°C 20 . 5%









7. ferB、ligMおよび desBプロモーター領域への DesXの結合能 
DesX ferB ligM desB -
EMSA  (Fig. 2-9) FerC
ferB DesR ligM desB
DNA DesX DNA
DNA-DesX SA VA
 (Fig. 2-9) ferB ligM desB
IR-DA - DesX ferB
ligM desB qRT-PCR
ferB ligM desB desX -













































Fig. 2-9. ferB, ligM - desB - DesX . 
( ) ferB (A) (175), ligM (B)- desB (C) . EMSA DNA
.  (+1) . -35/-10
. ferB - FerC - ligM/desB
- DesR . (
) DesX DNA EMSA. SA/VA  (-)  (50 
mM) , DesX (8 ng protein/µl) 400 pM DNA 20°C 20 . 













1 - SA VA desA -  (Fig. 
1-3B) SLG_25010 desA SA
VA  (Fig. 2-4A and E) SA VA DesX
SLG_25010-desA - -
SA VA DesX desAp2 EMSA
SA DNA-DesX
5 mM SA  (Fig. 2-10) VA
SA 50 mM
 (Fig. 2-10) - SA VA DesX
DesX -










Fig. 2-10. SA VA - DesX DNA . 
SA VA - IR-DA desAp2 DesX EMSA. SA/VA
 (-)  (0.05, 0.5, 5, or 50 mM) , DesX (4 ng protein/µl) 400 pM desAp2
20°C 20 . 5%





第 3節 考察 
 
2 SYK-6 desA IclR
DesX DesX desA -
RT-PCR ferB-ferA-SLG_25010-desA ferBA
SLG_25010-desA 2  (Fig. 2-5) SLG_25010-desA
SLG_25010 10 T
 (Fig. 2-6B) qRT-PCR - DesX SLG_25010-desA
 (Fig. 2-4A and E) DesX ligM desB
 (Fig. 2-4B, C, and 2-9)




--  (155, 208)
GenR MhpR PcaU PobR -35
RNAP  (156, 270)
IclR
 (261, 265, 271, 272) P. putida HmgR homogentisate
hmgABC  (265)
HmgR -10 RNAP
Comamonas sp. E6 isophthalate
IphR iph HmgR
 (261) IclR
RNAP  (208) EMSA
DesX SLG_25010 -10 IR-DA
 (Fig. 2-8) DesX RNAP
SLG_25010-desA  
DesX SA VA  (Fig. 2-




SA DesX desA DesA SA
3MGA SA DesR
ligM desB LigM 3MGA GA
GA DesB OMA PCA 4,5-
GA LigR  (180) GA LigR
PCA 4,5- OMA  
DesX DesR VA SA  
(Fig. 1-12 and 2-10) DesR VA SA 3MGA
ligM - SA
DesA - VA
 (68, 70) DesX SA VA
VA - in vitro
DesX VA SA  (Fig. 2-10)
SA VA DDAM desA VA
SA  (Fig. 1-3B) DesX
desA DDAM SA VA
 (Fig. 1-3A and 2-4A)
VA/SA DDAM VA/SA
in vitro
- - EMSA DesX DNA - mM
 (Fig. 2-10)
DesR  (Fig. 1-12)  
SLG_25010-desA SLG_25010 10
 (Fig. 2-6B) SLG_25010 - 8-6 Shine-Dalgarno
 (Fig. 2-6B) SLG_25010-desA mRNA
ribosome binding site (RBS) calculator (273) SLG_25010 desA translation initiation 
rate SLG_25010 1.77 desA 2,395
ferB (2,577) ferA (230) ligM (177) desB (6,023) translation initiation rate
desA mRNA -
SLG_25010  (1.77) SLG_25010
mRNA - RT-PCR ferA-SLG_25010
VA SA FA ferB -










ferB mRNA RBS calculator




SYK-6 SA CHMOD PDC
hydrolase OMA hydrolase
 (Fig. VIII) (72) 1 SLG_25010 CHMOD
N. aromaticivorans DSM 12444 SYK-6
SA  (81, 109) DSM 12444 SA SYK-6
DesA 71% Saro_2404  (DesANA) (Fig. 2-11)
3MGA CHMOD  (81, 109) CHMOD
- OMA methylesterase (DesC [Saro_2864]) cis-trans isomerase (DesD 
[Saro_2865])  (81) DSM 12444
SLG_25010 - SYK-6 desC 45%
SLG_12720 desD 40%
SLG_07230  (Fig. 2-11) SYK-6 SLG_25010 SLG_12720
SLG_07230 CHMOD  
BLAST DSM 12444 SYK-6 DesX 51%
Saro_2407 desANA (Saro_2404)  (Fig. 2-11)
desANA Saro_2403 IR-DA 18 10
18 bp IR  (5¢-TTTTCAAGCACGCGAAAA-3¢ [ IR
























Fig. 2-11. Sphingobium sp. SYK-6 N. aromaticivorans DSM 12444 - desA, desX, ligM
- desR . 
. 


























VA  (ligM-metF-ligH )
SA desA DesX
SA DesA LigM GA
PCA 4,5-dioxygenase (LigAB) 3MGA 3,4-dioxygenase (DesZ) Vmax/Km DesB
6% 1%  (71, 244) GA  






第 4節 材料と方法 
 
試供菌、プラスミド、プライマー、培養条件 
2 Table 2-2 PCR Table 
2-3 SYK-6 - E. coli 1
 
 
Table 2-2. 2 -  
 
aNalr, Smr, Kmr, Apr, and Tcr, resistance to nalidixic acid, streptomycin, kanamycin, ampicillin, and tetracycline, respectively. 
 
 













































Wild type; Nalr Smr 
SYK-6 derivative; ferC::kan; Nalr Smr Kmr 
SYK-6 derivative; SLG_24970 (desX)::kan; Nalr Smr Kmr 
SYK-6 derivative; ΔdesR; Nalr Smr 
SYK-6 derivative; ΔdesQ; Nalr Smr 
 
 
D(ara-leu) 7697 araD139 fhuA ΔlacX74 galK16 galE15 e14-ϕ80dlacZΔM15 recA1 relA1 
endA1 nupG rpsL (Smr) rph spoT1 D(mrr-hsdRMS-mcrBC) 




Cloning vector; Apr 
Cloning vector; Apr 
oriT sacB; Kmr 
pBluescript II KS(+) with a 1.3-kb EcoRV fragment carrying kan of pUC4K; Apr Kmr 
RK2 broad-host-range expression vector; Tcr Pm xylS 
RK2 ori lacZ promoter probe broad host range vector; Kmr 
Expression vector; T7 promoter, Apr 
pUC18 with a 4.8-kb SalI fragment carrying SLG_24970 (desX) 
pBluescript II KS(+) with a 1.0-kb PstI-EcoRV fragment of pUC401 
pKPEV with a 1.3-kb EcoRV fragment of pIK03 carrying kan 
pK19mobsacB with a 2.3-kb PstI-SalI fragment of pKPEVK 
pBluescript II KS(+) with a 1.2-kb NruI fragment of pUC401 
pMPEVK with a 1.2-kb SalI-EcoRI fragment of pKNIF 
pJB866 with a 1.1-kb PCR amplified HindIII-BamHI fragment carrying desX 
pSEVA225 with a 396-bp fragment carrying the sequence between positions 548 and 153 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 378-bp fragment carrying the sequence between positions 243 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 238-bp fragment carrying the sequence between positions 103 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 162-bp fragment carrying the sequence between positions 27 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 144-bp fragment carrying the sequence between positions 9 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 441-bp fragment carrying the sequence between positions +48 and +488 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 387-bp fragment carrying the sequence between positions +430 and +816 
relative to the SLG_25010 initiation codon 














































Table 2-3. 2  
 















































































































































































Table 2-3. -continued.  

























Ferulate (FA) Sigma-Aldrich Co. LLC. 0.2 M pH 7.0-8.0 1-2N 









Electrophoretic mobility shift assay (EMSA) digoxigenin gel shift kit 2nd 
generation (Roche) SYK-6 -
EMSA digoxigenin DNA Table 2-3 SYK-6
total DNA 1 digoxigenin DNA
DesX EMSA DNA Table 2-3
SYK-6 total DNA PCR DNA 2%
NucleoSpin Gel and PCR Clean-up (Takara Bio)
20-40 µl Elution buffer NE (5 mM Tris-HCl, pH8.5) DNA Quantus




EMSA - SYK-6 - DNA-
1 DNA- DesX DNA-
DesX (0.5-16 ng protein/µl) 4 fmol DNA - 1´ binding 
buffer [20 mM HEPES, 1 mM EDTA, 10 mM (NH4)2SO4, 1 mM dithiothreitol, 0.2% (wt/vol) Tween 20, 




VA SA 0.05 0.5 5 50 mM
1 µl  
 
シグナルおよび DNAの検出 
2.5 μl 5´ loading buffer (0.25´ TBE buffer, 60%; 
glycerol, 40%; bromphenol blue, 0.2% [wt/vol]) 5%
 (sterilized water, 3.1 ml; 5´ TBE buffer [Tris, 445 mM; Boric acid, 445 mM; EDTA, 10 mM], 
1.0 ml; 30% acrylamide, 0.85 ml; 10% ammonium peroxodisulfate, 23 μl; TEMED, 3.85 μl)
buffer 0.5´ TBE 80 V 4°C 1-2  
digoxigenin DNA 1
DNA 1/10,000
SYBRÔ Gold nucleic gel stain (Thermo Fischer Scientific, Inc.) 0.5´ TBE buffer
30 OHP BluPAD Dual LED Blue/White 




pUC401 (131) PstI-EcoRV SLG_24970 1.0 kb DNA
pBluescript II KS(+) pKPEV pIK03 EcoRV
Km  (kan) 1.3 kb DNA pKPEV
pKPEVK pKPEVK PstI-SalI 2.3 kb DNA pK19mobsacB
pMPEVK pUC401 NruI
SLG_24970 1.2 kb DNA pBluescript II KS(+) EcoRV




SYK-6 Km LB + Km
10% sucrose LB + Km 24 10% sucrose
LB + Km 2% (vol/vol) 30°C 24 3




DIG DNA labeling kit - DIG nucleic acid detection 
kit (Roche Diagnostics K.K.)  
2  
 104 
1 total DNA SYK-6 - total DNA
SalI 0.8% -
 (model 785; Bio-Rad Laboratories, Inc.)
 (Hybond-N+; GE Healthcare) DNA UV 5
DNA 65°C 1
DIG DNA labeling kit digoxigenin
65°C 8 DNA digoxigenin
1 (300 mM NaCl, 30 mM Sodium citrate dihydrate, 0.1% SDS) 2
2 (15 mM NaCl, 1.5 mM Sodium citrate dihydrate, 0.1% SDS) 65°C
2 Buffer 1 (pH7.5; 0.1 M maleate, 0.15 M NaCl) buffer 2 
(buffer 1 + 10% blocking stock solution) Alkaline phosphatase
digoxigenin  (Anti-Digoxigenin-AP-conjugate) buffer 2
 (ELISA ) DNA buffer 1
buffer 3 (pH9.5; 0.1 M Tris-HCl, 0.1 M NaCl, 50 mM MgCl2)
 CDP-Star (Roche Diagnostics K.K.) alkaline phosphatase
LumiVision PRO image analyzer  
SLG_24970 pUC401 SLG_24970 1.4 kb ApaI  
(SLg_24970 ) kan pIK03 kan 1.3 kb
EcoRV  (kan ) SLG_24970 DdesX  
 
SYK-6株および遺伝子破壊株の生育試験 
SYK-6 DferC - DdesX 10 ml LB 24 1
SA VA  
 
desX相補株の生育試験 
desX (SLG_24970) SYK-6 total DNA Table 2-3
PCR desX 1.1 kb
DNA NEBuilder HiFi DNA assembly cloning kit (New England Biolabs. Inc.)
pJB866 HindIII-BamHI desX  (pJB24970) pJB866
- pJB24970 1 DNA
SYK-6 - DdesX desX  
SYK-6(pJB866 pJB24970) - DdesX(pJB866 pJB24970) Tc
10 ml LB 24 Wx buffer 2 1 ml
Wx buffer Tc - Pm 1 mM
m-toluate 5 mM SA 5 ml Wx OD660 = 0.2






SYK-6 - DdesX LB 24 Wx 
buffer 2 - OD600 = 0.2 10 ml Wx-SEMP Wx-5 mM 
SA Wx-5 mM VA Wx-5 mM FA 30°C OD600 = 0.5-0.6







定量的逆転写 PCR (qRT-PCR)解析 
qRT-PCR cDNA Thunderbird SYBR qPCR mixture (Toyobo Co., Ltd.)
LightCycler 480 System II (Roche Diagnostics K.K.)
PCR Primer Express version 2.0 
software program (Applied Biosystems)  (Table 2-3) PCR 2 μl cDNA
10 pmol - 10 μl Thunderbird SYBR qPCR mixture
20 μl 3,000 rpm 1 min
well PCR LightCycler 480 System 
II 95°C-3 sec 60°C-30 sec 40
60°C 95°C 2°C/min  (melting 
curve)
SYK-6 16S rRNA mRNA - 16S rRNA DNA
 
 
Reverse transcription (RT)-PCR解析 
RT-PCR 1 μl cDNA  
(Table 2-3) Q5 Hot Start high-fidelity DNA polymerase (New England Biolabs. Inc.) PCR
PCR 0.8%  
 
LacZレポーターアッセイ用プラスミドの作製 
SYK-6 total DNA Table 2-3 PCR desA
DNA DNA










Km LB 24 Wx buffer 2 -
Km 10 ml Wx-SEMP Wx-5 mM SA Wx-5 mM VA
OD600 = 0.2 30°C OD600 = 0.5-0.6  





SYK-6 Wx-5 mM SA 1 total RNA total RNA
5 µg total RNA SLG_25010 6-





E. coliにおける desXの発現と DesXの精製 
desX SYK-6 total DNA Table 2-3
PCR DNA NEBuilder HiFi DNA assembly cloning kit
pET-16b NdeI-BamHI p16bdX  
E. coli BL21(DE3) p16bdX Ap LB 12
1% 30°C OD600 = 0.5-0.6
1 mM IPTG 30°C 4 desX
E. coli 5,000 ́  g 5 min 4°C 300 mM NaCl 100 mM imidazole
50 mM Tris-HCl buffer (pH 7.5) 2 buffer
19,000 ́  g 15 min 4°C 300 mM 
NaCl 100 mM imidazole 50 mM Tris-HCl buffer (pH 7.5) His 
SpinTrap (GE Healthcare) 100 ´ g 1 min 4°C
300 mM NaCl 100 mM imidazole 50 mM Tris-HCl buffer (pH 7.5) 3
300 mM NaCl 500 mM imidazole 50 mM Tris-HCl buffer (pH 7.5)









GraphPad Prism 8 Dunnett¢s test




















SYK-6 VA tetrahydrofolate (H4folate) VA O-demethylase (LigM)
protocatechuate (PCA) PCA 4,5-
SA LigM 49% H4folate
SA O-demethylase (DesA) 3-O-methylgallate (3MGA)
3MGA 3 LigM
gallate (GA) dioxygenase (DesB) PCA 4,5-
- SYK-6
VA/SA ligM (SLG_12740) SA desA (SLG_25000)
desB (SLG_03330) SYK-6
-
- - SYK-6 VA/SA





MarR DesR (SLG_12870) LysR
DesQ (SLG_14170) desA ligM desB
SYK-6 VA/SA VA SA desA ligM
desB VA SA





repeat (IR) IR-B IR-M IR-B desB
IR-M ligM -35 DesR
IR-B IR-M desB ligM
VA SA DesR DesR
DNA - DesR desR
IR-B IR-M IR-R DNA desR
- DesR desA
desA DesR  
2 desA (SLG_25000) desA 3
IclR desX (SLG_24970) DesX desA
- - DesX desA
desA hydrolase SLG_25010
- DesX ligM desB desA ferulate
ferBA ferB-ferA-SLG_25010-desA
ferBA SLG_25010-desA - ferA-
SLG_25010 SA/VA
-10 18 IR IR-DA DesX
IR SLG_25010-desA
- SA VA DesX
DesX DNA DesX SA/VA --
ligM desB ferB - DesX ligM
desB ferBA  
Sphingobium 





glutamicum VA oxygenase VanAB GntR
PadR VanR SYK-6
H4folate VA LigM MarR DesR
- Novosphingobium aromaticivorans DSM 12444 SYK-6
LigM VA SYK-6 DesR 51%
MarR - DSM 12444
DesR Agrobacterium fabrum 




DSM 12444 SYK-6 SA desA
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